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AXON BIFURCATION IN REGENERATED NERVES. 
By W. A. OSBORNE anv BASIL KILVINGTON. 


(From the Physiological Laboratory, University of Melbourne.) 


WSEN a somatic efferent axon is cut and offered a plurality of paths 
along which to regenerate we have evidence that it can divide into at 
least two separate and distinct axons. The evidence in question — 
consists in the fact that when a limb nerve trunk containing motor 
fibres is cut and its central end sutured not only to its own distal end 
but also to the distal end of an adjacent nerve trunk also containing 
motor fibres, an axon reflex can be elicited on stimulation of one of 
these distal trunks. This was shown by Langley and Anderson’ and 
independently by Kilvington*. Kilvington also demonstrated the 
fact that in such cases the sum of the nerve fibres present in the two 
distal trunks exceeds the total number of fibres present in the proximal 
or parent stem. He made the further observation that if the parent 
stump at the primary operation were divided longitudinally fur a short 
distance and each of the two branches, thus artificially made, sutured 
to a distal trunk, no axon reflex could be obtained by stimulating either 
of these distal trunks when regeneration was. complete’. | 

Axon bifurcation has also been obtained by Bethe‘ who, however, 
looked upon it as evidence of autogenetic regeneration. The cases 
which he gives can however be adequately explained by assuming that 
wound fibres had invaded the degenerated distal stumps of the cut 
nerves where a decided plurality of path was offered. 

As regeneration in the adult mammal is now widely regarded as 
centrifugal in character we may explain axon bifurcation by assuming 
that the central end of a cut somatic efferent axon in the process of 
regeneration gives rise to a “brush” of sprouting fibrils and that at 
least two of these (or two groups of these) can persist and become 


1 This Journal, xxx1. p. 365, 1904. 

* Brit. Med, Journ. 1905, 1. p. 985. 3 Brit. Med. Journ. 1905, a. p. 625. 

4 Allgemeine Anatomie u. Physiologie des Nervensystems, Leipzig 1903, pp. 225 et seq. 
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discrete axons if for each there is present a degenerated somatic efferent 
fibre which acts as a chemiotactive path or directive scaffolding. Whether 
a central axon can divide into more than two peripheral axons is a 
question that cannot obviously be decided by the axon reflex test, 
whilst counting of fibres possesses great inherent difficulties and cannot 
well be limited to one class of fibre. Kilvington’s earlier experiments 
indicate that there is a limit to the number of branches inte which 
a regenerating motor axon can divide. He found that when the 
central end of a small nerve trunk was sutured to the distal end of 
a large nerve trunk, the innervation of the affected muscles was 
markedly deficient. 

The following experiments were undertaken in order to determine 
some of the conditions affecting axon bifurcation. The animals 


- employed were adult dogs. All experimental! or operative work was 


carried out under complete anmsthesia, chloroform-ether mixture 
preceded by morphine being used. In the primary operation ordinary 
antiseptic and aseptic precautious were taken. We have found it 
advisable to take special care with the sterilisation and aseptic 
handling of the chromicised catgut used as suture material, as a local 
inflammation may readily occur in the region of the suture leading to 
the formation of a dense cicatricial tissue which hampers the regenera- 
tion of the involved nerves. In the secondary operation the nerves 
were stimulated by a faradic current and special care taken to prevent 
spread. The electrodes were well shielded with vulcanite, the region of 
stimulation chosen as far as possible from the point of nerve grafting, 
and a strength of current used as near to the minimal as possible. At 
each secondary operation it was made clear by careful dissection as well 
as by stimulation that no nerve union had taken place other than that 


desired. In the diagrams given the direction from above downwards is 
consistently cellulifugal. 


Eap. I. (Fig. 1). The sciatic nerve was divided in the gluteal region 
and fairly close to the sciatic notch, The ends were immediately 
sutured. About }inch of the external popliteal was excised: the 
internal popliteal was cut and its central end sutured not only to its 
own distal end but also to the distal end of the external popliteal. 
Stimulation was carried out 101 days after primary operation. The 
sciatic was cut at a (Fig. 1), that is above the original section, and the 


_ external popliteg! between HZ and P about 1} inch from the union. 
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_ Stimulation of #P at P produced no visible movement of the limb, 
but on laying bare the gastrocnemius muscle and exposing the tendo 
achillis a slight but definite movement was detected. That this was 
not due to spread of current was proved by the following. A strand of 
connective tissue equal in length and almost equal in girth to HP was 
peeled from below upwards from JP but left attached at the bulb. 
This on stimulation with the same strength of current and with the same 
electrodes gave no response. We have frequently observed in regener- 
ation experiments that a slightly stronger current is necessary to elicit 
axon reflexes than that used with the opposing and intact nerve, but in this 
case the minimal stimulus for the axon reflex was only slightly greater 
than that for the internal popliteal stimulated directly. Further at 
the close of the experiment a section was made through the bulb 
(Fig. 2,a@) which entirely abolished the axon reflex but left the nerve 
trunks in physical union. 


Fig. 1. Fig. 


The sciatic was now cut at 4 (Fig. 1) but no diminution in the axon 
reflex could be detected. A number of sections of the sciatic and its 
IP continuation were made from above downwards but without any 
result, as far as the eye could judge, on the response of the foot 
extensors. But on reaching the bulb a section was made which 
completely abolished the reflex yet leaving the two trunks (as above 
described) physically joined. | 
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Exp. II. The primary operation was exactly the same as in Exp. I. 
Stimulation was carried out 96 days after the primary operation. The 
sciatic and ext. popliteal nerve were cut as in Exp. I. 

Stimulation of EP at EF gave extension of toes. 

Stimulation of EP at P gave flexion of toes (axon reflex). 

The sciatic was cut at 6 and a series of cuts made from above 
downwards without diminishing the axon reflex, as far as the eye could 
judge, until the bulb was reached when the axon response vanished. 

Exp. III. The primary operation was identical with that in 
Exp. L’ Stimulation was carried out 89 days after primary operation. 
The sciatic and HP were cut as in Exp. L. 

Stimulation of EP at P gave rise to well-marked axon reflex 
contraction of calf muscles. The sciatic was now cut at 6, but no 
diminution in the reflex was noticed. A series of cuts was made as far 
as the bulb but without influencing the extent of the response as 
judged by the eye. A first cut however made through the bulb 
greatly reduced the axon reflex response, whilst a second cut a little 
below this abolished it completely. 

In the above three experiments the axon bifurcation, it will be 
noticed, took place not at the region of the upper cut where the 
regenerating stump was sprouting, but at that portion of the system 
where a multiple path was offered. The neurofibrils of the axon have 
been described as separate and distinct in the Ranvier internodes, and it 
is possible that in the centrifugal growth of a regenerating fibre certain 
groups of these may take divergent routes. | 

We have observed in the above three experiments that the extent 
of the contraction elicited by axon reflex was markedly below that 
which one can obtain from the same nerves if the first or upper cut has 
not been made. The most favourable condition for obtaining axon 
bifurcation is apparently that in which the multiple path is offered 
directly to the regenerating stump. It is also interesting to note that 
the nerve trunk between the two points of suture, though in great 
measure cut off from its blood supply, could act as an efficient guide to 
the regenerating fibres. | 
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Motor bifurcation determined by path equimotor but with 
afferent excess. 


Eap. IV. The posterior interosseous and sacial nerves were cut and 
the central end of the posterior interosseous 
sutured to its own distal end as well as to 
the distal end of the radial (Fig. 3). About 
one inch of proximal radial was_ excised. P} 
Stimulation was carried out 92 days after 
the primary operation. Stimulation of the 
radial some inches below the junction gave 
rise to normal reflex disturbances of respir- 


= 

ation, etec., showing that the sensory nerves 

in the posterior interosseous had regener- 

ated normally along the radial. The * Pl 
musculo-spiral was now cut. Stimulation 

of the radial some inches below the junction 

no longer gave reflex respiratory or other | 

Fig. 3. 


general disturbance, but produced a fairly 

vigorous contraction of the extensors of the 

paw (axon reflex). The radial was now carefully dissected out as 
far as the dorsum of the paw. Stimulation on the dorsum of even 
minute twigs of the radial gave rise to an axon reflex, of course much 
reduced in extent, but still readily observable. We were unable 
however to elicit an extensor contraction by stimulating the skin in 
the radial area even by faradic currents. The extent of the contraction 
obtained by stimulating the radial one inch from the bulb though 
vigorous was not as great as that obtained by applying the same 
strength of stimulus to the posterior interosseous. On cutting the 
posterior interosseous no contraction could be obtained on stimulation 
of the radial in any part of its course. 

Exp. V. The primary operation was identical with that in Exp. IV. 
Stimulation was carried out 102 days after primary operation. The 
musculo-spiral was cut as well as all other nerve trunks entering the 
limb. The results of stimulation were exactly the same as in Exp. IV. 
Application of the electrodes four inches from the bulb of union 
produced a marked extensor contraction. The radial was dissected out 
carefully and again we were able to obtain contraction, but reduced in 
extent, on stimulation of even the minutest twigs which could be placed 
on the electrodes. Mechanical stimulation of one of these twigs pro- 
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duced the same result, No effect however could be produced by 
stimulating the skin. On cutting of the posterior interosseous no 
contraction could be obtained by stimulating the radial in any part of 
its course, 

These two experiments confirm and extend the results of an experi- 
ment of Langley and Anderson. These observers were able to detect 
in a sensory nerve (internal saphenous) motor axons which had arisen 
by dichotomy of an unexpected motor invasion. In this case the motor 
regeneration had been complete on the motor side, but the axons had 
penetrated only seven centimetres down the afferent trunk. In our 
experiments we could detect motor axons as many inches down the 
radial and as far as we could dissect out the branches of this nerve and 
apply electrodes, 

Our results therefore demonstrate that a deemcnel afferent path 
can function as a chemiotactic guide or directive scaffolding for the 
cellulifugal regeneration of somatic efferent fibres. Whether such 
motor axons which have regenerated down an afferent path can make 
any union with sensory end-organs is a problem that cannot well be 
solved at present. Our failure to obtain an axon reflex by stimulating 
the skin in Exps. ITV and V could be explained equally well by assuming 
absence of functional union or simply that the number of end-organs 
excited was too small. 


_ Motor and afferent path offered to regenerating afferent nerve. 
Exp. VI. The radial nerve was cut, and about one inch of the 
posterior interosseous excised. The central 
end of the radial was then sutured to its 7 R 
own distal end and to the distal end of the 
posterior interosseous (Fig. 4). The same 
procedure was repeated on the opposite side. 
When 78 days had elapsed the nerves were 
exposed and the bulb on each side freed 
- from surrounding ‘tissue so as to cut in- 
growing wound fibres. Stimulation was = Pi 
carried out five days subsequently, namely, 
83 days after the primary operation. The R° 
posterior interosseous below the junction was 
very thin and flaccid. The radial nerve was 
cut at R and Fig. 4. 
Stimulation of distal radial at R’ produced no contraction. 
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Stimulation of distal radial at R produced no contraction. 
Stimulation of post. interosseous at PI produced no contraction. 
Stimulation of central end of radial at R’ produced no contraction. 
Exactly the same results were obtained on the opposite side. 

Eap. VII. The primary operation carried out on one side only 
was the same as in Exp. VI; the central radial being sutured to the 
distal radial and post. interosseous, Stimulation was carried out 82 
days after primary operation. No attempt was made to remove by 
degeneration any ingrowing wound fibres. The radial was doubly cut 
as in Exp. VL. The post. interosseous below the union was thin and 
flaccid. No contraction could be obtained by stimulating the post. 
interosseous nor by stimulating the distal end of the radial at R or 2’ 
nor the central end at R’. 

Eop. VIII. The primary operation was here an exact replica of 
that in VII. Stimulation was carried out 121 days after the primary 
operation. The results obtained were identical with those in Exp. VIL 

Kap. 1X. The primary operation was identical with that in 
Exp. VII. Stimulation was carried out 113 days after the primary 
operation. The radial was cut at R about 14 inch above the bulb 
(Fig. 4). Stimulation of the radial at R’ gave marked contraction of 
extensors. That this contraction was not due to spread of current to 
the neighbouring post. interosseous was proved by dissecting the radial 
and applying stimulation about six inches from bilb—a marked 
extensor contraction resulted. The radial was then cut distal to the 
point of stimulation without altering the contraction. 

Moreover squeezing the lower central end of the radial gave rise to 
contraction proving clearly that such was not due to eseape of current 
and that we were dealing with an axon reflex. Stimulation of the 
distal end of the radial at R gave rise to contraction. That this was 
not due to stimulation of wound fibres was shown by the distance of the 
point of stimulation from the bulb, and further by the fact that 
mechanical stimulation some distance above the bulb also gave a 
contraction. We repeated these stimulations several times and with 
the same remarkable results. The post. interosseous was now cut and no 
contraction could be obtained by stimulating the distal end of the radial 
at R or the central end at R’. Stimulation of the distal radial at 2’ 
gave no contraction. 

The results of Exps. VI, VII and VIII, which, as one was bilateral, we 
may reckon as four experiments, lead one to the conclusion that sensory 
nerve fibres, such as the radial is composed of, cannot regenerate along 
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motor paths. This is confirmatory of the conclusion of Langley and 
Anderson’ that an afferent nerve cannot make regenerative union with 
j/any other nerve than an afferent. It would be idle therefore to look 
for motor axon bifurcation in such cases. But in Exp. 1X there is clear 
evidence that the radial nerve though it contained no fibres carrying 
nerve impulses into muscle cells, could, nevertheless when offered a 
motor path along which to regenerate, supply this motor path with 
efficient axons. These same fibres were also capable of bifurcating. 
The only explanation which we can advance for the strange results 
obtained in Exp. [X is that in this particular instance motor fibres were 
actually present in the radial though incapable of making any peripheral 
‘muscular connection. This aberrant course may have been due to a 
developmental anomaly*. When the segmental arrangement of nerve 
fibres leaving the cord gives place in the plexus to a functional arrange- 
ment we might readily expect variations to occur in which the normal 
and purely afferent character of a nerve trunk might be altered by the 
presence of some motor fibres, but these we should certainly expect to 
leave for their proper muscular destination before the trunk dissipated 
into its terminal skin branches. Still the assumption of the presence of 
functionless motor axons in the radial as an occasional developmental 
freak is more in keeping with the scheme of the peripheral nervous 
system than to imagine that preganglionic fibres were present. 

Two more experiments carried out to throw some light on the 
regenerating powers of the radial may now be given. 

Eap. X. The radial and posterior interosseous were cut and the 
central radial sutured to the distal post. interosseous. Over an inch of 
the radial distally and of the post. interosseous proximally were 
excised (Fig. 5). Stimulation was carried out 82 days after — 
the primary operation. 

The posterior interosseous was thin and flaccid. The radial R 
was cut as high up as possible. | 

Stimulation of the radial at R gave no contraction. 

Stimulation of the bulb gave feeble contraction of extensors. 

Stimulation of posterior interosseous at PJ gave feeble PI 
contraction of extensors. 

There was no connection between the central end of the 
cut post, interosseous and the bulb of union. 


1 loc, cit, 


* This suggestion was made by Professor Langley at a meeting of the Physiological 
Society at which an abstract of the results of this research was read. 


Fig. 5. 
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Eap. XI. The same primary operation was performed as in X. 
Stimulation was carried out 121 days after primary operation. It was 
noticed that the bulb was surrounded with cicatricial tissue. The 
posterior interosseous was thin and flaccid. Stimulation of the post. 

F interosseous at PZ gave rise to marked reflex disturbances of breathing, 
etc., showing that the sensory fibres of the radial had regenerated along 
the sensory fibres of the post. interosseous. On cutting the radial above 
R stimulation of either radial at R or post. interosseous at PJ gave no 
contraction. 

In these two cases, therefore, the radial contained no fibres capable of 
regenerating along motor paths. This is the condition then that existed 
in five dogs out of the six tested by us and is that which Langley and 
Anderson have shown to be normal. In Exp. X contraction could be 
obtained by stimulating the bulb or the post. interosseous. This was 
clearly due to an invasion of wound fibres. | 


Exp. XII, The internal popliteal and external popliteal were cut, 
an inch of distal external popliteal was excised and the central ends of 
the two popliteals were sutured to the distal end of the internal 
popliteal (Fig. 6). Stimulation was carried out 68 days after the 
primary operation. 

The vagi were cut and blood pressure was recorded from the carotid ~ . 
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by the ordinary method. The external popliteal was cut between £ 
and P. 

Stimulation of central end of external popliteal at P gave marked 
rise of blood pressure and reflex disturbances. 

Stimulation of internal popliteal at JP gave marked rise of blood 
pressure, some reflex disturbances and well-marked flexion of toes and 
extension of hock. 

Stimulation of internal popliteal at JP’ gave marked rise of blood 
pressure, reflex disturbances, flexion of toes and extension of hock. 

Stimulation of distal end of external popliteal at E gave flexion of 
toes and extension of hock and some outward rotation of the leg, but no 
reflex disturbances and no rise of blood pressure. 


Kap. XIII. ‘The external and internal popliteals were cut, about — 


one inch of distal internal popliteal was excised and the central ends of 
the two popliteals were sutured to the distal end of the external 
popliteal (Fig. 7). . 

Stimulation was carried out 102 days after primary operation. The 


- vagi were cut and blood pressure was recorded from the carotid by the 


usual method. The external popliteal was cut between H and P. 

Stimulation of the external popliteal at P gave rise of blood pressure 
and reflex disturbances. 

Stimulation of the internal popliteal at JP gave rise of blood 
pressure and reflex disturbances as also muscular movement in the 
limb. 

Stimulation of the external popliteal at HP’ gave rise of blood 
pressure and reflex disturbances as also muscular movement in the 


limb. 


Stimulation of external popliteal at H gave muscular movement in 
the limb but no reflex disturbances or rise of blood pressure. 

In both of these experiments a directive path deficient in fibres was 
offered to the regenerating nerves. As our results show, no coalescence 
of afferent axons from separate popliteals was detectable. 

An attempt was made to determine whether afferent axons bifur- 
cate when a plurality of paths is offered to the regenerating nerves. 
The external and internal popliteals were cut and the central end of the 
internal sutured to the distal ends of both the external and internal popli- 
teals. After regeneration had occurred a posterior root on the affected side 
and connected with the nerves implicated in the operation was excised. 
After a suitable interval the grafted nerves were cut, sectioned and 
stained by the Weigert-Pal method for degeneration. An attempt was 
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then made by each of us without collusion to count the degenerated 
fibres in the parent stem and in the two distal branches. We both 
however found it impossible to gauge even roughly the number of fibres 
affected as the regenerated nerves reacted very poorly to the method— 
most probably because the myelin of the regenerated fibres was not yet 
normal. To elucidate this and kindred points further experiments will be 
made by us. 


CONCLUSIONS. 


1, Motor axon bifurcation can take place if a plurality of path is 
offered to a regenerating axon at some distance from its central point of 

| 

2. Ifasensory path, as well as its own proper path, be offered to a 
regenerating moter axon, motor bifurcation occurs just as if the 
plurality of path had been produced by the addition of another motor 
path. .One branch of the dichotomised axon reaches the proper 
muscular termination, the other branch travels down the sensory path 
and can be detected as far as the stimulation test can be applied. 

3. In the adult dog afferent nerve fibres cannot regenerate along 
motor paths (confirmatory of Langley and Anderson). But in one of 
the dogs examined certain fibres were found in the radial which, though 
making no peripheral muscular connection, were yet capable of regener- 
ating along a motor path and of bifurcating in the usual manner. It is 
suggested that this was due to the presence of functionless motor fibres 
in the radial through a developmental anomaly. 

4. If a deficient sensory path is offered to regenerating sensory 
fibres no coalescence of sensory axons can be detected. 
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DIFFERENTIAL METHOD OF BLOOD-GAS ANALYSIS. 
By JOSEPH BARCROFT. 


(From the Physiological Laboratory, Cambridge.) 


1. Introductory. In the solution of many blood-gas problems the 
quantity upon which the estimations depend is not the absolute amount 
of gas in any particular sample of blood but the difference between the 
gaseous contents of two samples, to wit, arterial and venous. This 
difference is small when the blood courses rapidly through an organ. 
The circulation in salivary glands and the kidney at the height of 
secretion furnish examples of brightly coloured venous blood. On such 
occasions the volume of blood passing through the organ is so great 
that a trivial error in the analysis of either the arterial or venous blood, 
causing as it does a large error in the difference between the two, 
produces avery serious divergence in the estimation of the oxygen used 
in the CO, given out by the organ. | 

By the chemical method of analysis, if the apparatus is thoroughly 
clean, the most probable sources of error are the following : 

(1) That one or other sample of blood is not shaken sufficiently to 
expel the last traces of gas. 

(2) That one or other sample has not acquired the temperature of 
the water bath before either the initial or the final reading is taken. 

(3) That the blood is incompletely laked. 

(4) That some ferricyanide finds its way into the blood before 
laking takes place. 

In the last -two cases too little oxygen will be given off by the 
defective analysis. — 7 

(5) That the solution of ammonia used in the analysis may absorb 
an undue amount of carbonic acid from the air. 

Of these sources of error the third and fourth apply to the 
analyses of oxygen and depend upon the use of ferricyanide of potassium. 
The advantage of dispensing with this reagent would therefore be great. 
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The first and the’second apply to analyses both of oxygen and CO, but 
more particularly to the latter, whilst the fifth source of error r applies 
entirely to carbonic acid analyses. 

The most reliable way of getting a fair comparison between arterial 
and venous blood is to perform four analyses, two of each. Each 
analysis involves four readings, so that there are in all 32 readings, any 
one of which may contain an error. It is best that the duplicate 
samples should be analysed in bottles of as nearly as possible the same 
size. A comparison of the pressure set up in each instrument can be 
made which will show whether a change in the volume of the contained 
gas indicates a liberation of oxygen or CO,, or whether it is due to 
& passing temperature effect. 

A good differential method would greatly reduce the sane of 
error which may be attributed to the first two causes. 

The difference betwdgn the amount of oxygen in two samples of 
blood from the same aniifial may be estimated as the difference between 
the amounts of oxygen necessary to saturate each sample. If this 
principle is adopted the third and fourth sources of error disappear. In- 
asmuch as the acquisition of very little oxygen is usually necessary to 
saturate the arterial blood, the difference between the amount of 
oxygen taken up by the two samples is not the difference of two large 
quantities but is generally much greater than one of those quantities. 
Hence it is theoretically much more satisfactory to measure the 
difference between the amounts of oxygen necessary to saturate the two 
samples of blood than of the amounts which can be expelled from them. 

The method accounts for the difference in oxygen content of the 
plasma as well as of the corpuscles, The fifth source of error has been 
specially investigated. 

2. Description of apparatus. The apparatus consists of a mano- 
meter each limb of which can be opened to the air and is attached to a 
bottle. 

Fig. 1 shows the apparatus from in front. @ and D are the limbs of 
the manometer and should be made of thick glass tubing of a uniform 
bore of about 1 mm. Any convenient method of raising and lowering 
the fluid in the manometer may be adopted, in that-shown each piece of 
glass tubing is inserted into a piece of rubber tubing. The two eames 
of rubber are joined by a short curved piece of glass A. 

The rubber tubing passes underneath a screw clamp (B) which alters 
the level of the fluid. 

In the manometer a solution of bile salts of 5. 1034 has been used. 


‘ 
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J. BAROROFT. 
The solution was recommended to me by Professor Brodie and, if it is 


made up with sufficient toluol to 
prevent the growth of moulds, it 
is an extremely satisfactory re- 
agent for the measurement of 
differences of pressure in fine 
tubes. It has the twofold advan- 
tage of wetting the tube evenly 
in virtue of its power as a solvent 
of grease, and of exerting exactly 
rotes of the pressure of the at- 
mosphere per millimetre. The 
taps at the top of the apparatus 
G and H, should have stoppers 
of the form indicated, lest the 
handles touch one another when 
they are turned, in which case 
there is a chance of one or other 
stopper being loosened. 

The apparatus is seen from 
behind in Fig. 2. 

The blood gas bottles of which 
E is one are of about 27 c.c. in 
capacity. They should be as 
nearly as possible of the same 
size and must be calibrated in 
the manner to be described later. 

The bottles shown are those 
used by Prof. Brodie. I have to 
thank him for lending me the pair 
with which many of the determi- 


nations recorded in this article — 


have been made. 

Two forms of bottle suitable 
for the analysis of 5 c.c. of blood 
are shown in Figs. 3 and 4, both 
have been used in the present 
research. The volume of the 


bottle shown in Fig. 3 is about fFie.t. 


110 c.c., that in Fig. 4, 170 c.c. 


Fie.3 


G G @u 

AS 

Fic. 2. 

he 

ik | 

U 5) 
1 
j 


DIFFERENTIAL BLOOD-GAS ANALYSIS. 15 


The difference between them is principally one of convenience and 
expense. The form shown in Fig. 4 consists of an ordinary conical flask 
M which fits into a rubber cork NW. This form has the following 
advantages over that shown in Fig. 3. 

(1) The conical form is better than the cylindrical one since the 
blood in the bottom of the flask is less likely to splash into (R) the reser- 
voir for the tartaric acid, when the instrument is shaken for the purpose 
of saturating the blood with oxygen. 

(2) This form of bottle is more easily calibrated than that shown in 
Fig. 3. 

(3) If one flask gets broken it is easily replaced. On the other 
hand the rubber attachment is not so firm as the ground glass connexion. 
In both cases however a rubber ring S may be used with advantage to 
prevent the bottle or the small stopper K shifting’. 

The whole apparatus is mounted on a wooden stand and arranged so 
that the bottles can be immersed in a large water bath on the side of 
which the stand hangs. - 

3. The theory of the method. Equal quantities of arterial and 
venous blood are placed in the two bottles ; 
when the temperature of the water bath 
has been acquired by them, or at all events 
when their temperature ceases to change 
unequally, as indicated by the movement 
of the fluid in the manometer, the surfaces 
of the bile salt solution are levelled and 
the instrument is shaken till the blood in 
each bottle is thoroughly saturated with 
oxygen, The amount of oxygen lost from 
the air on either side is not sufficient to 
prevent the haemoglobin taking up its 
full quotum. After a suitable interval of 
immersion of the bottles in the bath the 
level of the fluid surfaces in the mano- 
meter’is read. The following calculation, re 6. 
for which I am indebted to the kindness 
of Sir Robert S. Ball, shows the relation between the change level 
and the differential absorption (or evolution) of gas. 


. Since this paper has gone to press I have had an apparatus made with conical flasks 
and ground stoppers which has proved satisfactory ; it is calibrated with light hollow glass 
beads. | 
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“The temperatures being all supposed uniform throughout, let V be 
the original volume of A or B at the atmospheric pressure p in milli- 
metres of a liquid with the specific gravity 1034. 

I shall assume that in the experiment the absorption of gas on the 
A side is «V so that after the experiment the volume of gas of the A 
side if it were reduced to the original pressure p would be V (1 —~). 
But the pressure to which it is actually subjected after the experiment 
is p—p if 2p = X’Y’ the observed quantity. Thus after the experiment 
the volume on the A side as given by Boyle’s law is 


V(l—a)p 
(i). 
In like manner I suppose that after the experiment there is a change 
in the quantity V of gas on the B side so that the altered quantity of 
gas if reduced to the original pressure p would be V(1—y). But after 
the experiment is made and the reading is being taken the pressure on 
that side is p + p so that the volume is 


Vil—y)p 
The difference between (ii) and (i) can be nothing else than the volume 
in the U tube between the levels X’ and Y’. If the area of section of 
the tube be S in square millimetres, then since the vertical difference of 
X’ and Y’ is 2p we have the equation 


Val-y)p_ 
The quantity required being the difference of the two volumes at 
pressure p after the experiment is (a — y) V and a transformation of the 
equation can now be made which will give the desired quantity. 
Clearing (iii) of fractions and dividing both sides by p’ the equation 
assumes the form 
V(« y 28p (1 
But this equation admits of simplification for since # and y and 


pip are small and & are negligible whence finally 


V (a@—y)=2V p/p + Wp. 
Let d be the diameter of the tubing, the formula becomes 


Vio-y)= +0850") .” 
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In the case of carbonic acid analysis when the amount of gas 
evolved with acid is considerable p is appreciably higher than 
10000 mm, of bile salt solution, the difference invading the third 
significant figure. Usually p is between 10200 and 10100 mm., which 
figure is the more correct can easily be determined at the end of the 
analysis. An example will show the relative importance of the quantities 
in the above equation. | 


Into bottles of 27°2 0.0. (inclusive of tubing), 2 c.c. of blood and 3 .0. of NH, were 
placed and 1 c.c. of broken glass; therefore V = 27-2 — (2+8+1) c.c.=21200 cubic milli- 
metres, d= 2°20 mm. approx. 


V y) =(2°12 + 8-80) = 5°92 o.mm. 


This example shows that the bracket contains two quantities of the 
same order, the first depending upon the volume of the bottle, the second 
in the calibration of the tubing. The exact measurement of the volume 
of the bottle is of relatively little importance, a mistake of *1 c.c, affects 
the answer to the extent of one part in six hundred. The calibration 
of the tube is all important. An error in this of 005 c.m. would raise 
the right side of the equation from 5°92 to 6°09 or about 3°/, It will 
be of advantage therefore to arrange the sizes of the bottle and tubing 


so that the factor ~ is greater relatively to 07850, since d* is not easy 


to measure so exactly as V considering the film of fluid which covers the 
inside of the tube, With tubing of a bore of one millimetre instead of 
2 mm. the term 0°785d? becomes 0°785 and with bottles of the size 
already described, containing 1 c.c. blood, 1°5 cc. NH, and ‘2 c.c, glass, 
the equation would stand 


V (w —y) = 2p (2°45 +.0°785); 


here the second term is about one-third of the first. 

With large bottles 170 c.c. in capacity the factor ‘785d? becomes even 
less important. 

4. The calibration of the apparatus. (1) To measure the volume 
of the bettle. The apparatus should be set up on its wooden stand and 
a mark made on the glass in two places, at the same level, one 
on each tube. The apparatus is then taken to pieces. A little 
water is placed in the portion of tubing above the tap and also in 
the bore of the tap. Each tube with its bottle is weighed. The 
tube is then turned with the tap downwards and plunged into a 
large vessel of water up to the mark or nearly so. The bottle, which 
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is also under water, is put in its place and the level adjusted so that 
the surface of the water is now exactly at the mark. The outside 
of the apparatus is dried and weighed. The difference in the two 
weighings gives the volume to the mark. This is done for both 
tubes. 

In general it will be found that there is some difference in the 
volume of the bottles, &. ; this should not be more than a few tenths of a 
cubic centimetre in the case of bottles of 25—30c.c. It may be rectified 
by cutting a piece, of appropriate length, from a glass rod of known 
specific gravity. In the case of larger bottles the difference may be 
larger ; this method of equalising the difference is unsuitable as the glass 
rod necessary may be so heavy as to break the bottle when shaking 
takes place. . The bottles must be made of thin glass. The form of 
bottle shown in Fig. 4 is calibrated by moving one cork up or down on 
the glass cylinder, which should be of ample diameter. When the 
correct position is found it is marked on the glass. As a preliminary 
two glass flasks of equal size must be selected, this is not difficult. 
Marks should be scratched on the necks of the flasks at the position of 
the bottom of the rubber cork. ; 

(2) To measure the bore of the tube. The inside of the tu 
should be moistened with the bile salt solution and allowed to stand in 
a vertical position for some minutes, the lower portion being carefully 
dried. The tube is then calibrated with mercury. J 

When these determinations have been made the volume to any point 
can be calculated. The apparatus is then replaced on its stand, to 
which it must be rigidly fixed. 

5. Some details of analysis. Careful tests have been made of the 
length of time for which it is necessary to shake the apparatus in order 
to completely saturate the blood. This was first done on samples of 5 c.c. 
in bottles of 75 c.c, Samples of blood, saturated to different degrees, 
were put in the two bottles. After each minute of shaking the bottles 
were put back in the water bath, allowed to cool and a reading of the 
difference of level was taken. Then one tap was opened, the gas on the 
other side brought back to the zero, and from the pressure at constant 
volume the amount of oxygen absorbed was calculated. The other tap 
was then opened, the menisci were levelled, the taps shut and the 
apparatus was shaken for another minute. At the end of five minutes 
there ceased to be any change in level produced in the differential 
reading, the hemoglobin being equally saturated on both sides, but 
during the sixth minute there was a little oxygen absorbed and possibly 
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even during the seventh, Eight minutes shaking may be regarded as 
ample for a sample of 5 c.c. and five minutes for a sample of 1 c.c. 


The following is a sample analysis showing the detailed manipulations 
and the time which should be taken over each. The final difference in 
pressure between the oxygen in each bottle is called ApO, and of 
carbonic acid ApCO,, and of volume AvO, or AvCO,. _ 


Quantities used—1 c.c. blood from ewrotonometers—1°5 


The figures in the second and third columns are mm. on the scale. 


Time Tap G Tap H Remarks 
12.19 Open Shut § The bottle on tube H (Fig. 1) is that which was handled 
12.19 t 200 last—bottles placed in water bath. 
12.22 203 
12.24 204 
12.26 205 — 
12.29 205- The bottles have now reached the temperature of the 
bath. 
Open Open To level before starting. 
210 210+ 
Shut Shut 
12.30 210 210+ Remove from bath and shake thoroughly. 
12.31—12., 36 
12.38 205 211+ 
12.40 205 210 + 
12,42 205 2104 
12.44 205 2104 #Analysis of oxygen complete 
; ApO, = (110 — 105) + (1104 - 110)=54 mm. 
12.45 Take out small stoppers K and L, Fig. 1, introduce acid. 
12.50 Open Open 3 
210 210+ 
Shut Shut 
210 210 + 
12.51—12.57 Spill in acid and shake. 
12.59 214 2044 
11 214 2044 ApCO, = (214 — 210) + (210 - 2044) =94 mm. 
: - Raise level of fluid in both manometers about 100 mm. 
1.2 Open  Readjust level till G is 210. 
1.3 210 40 Pressure of gas in H= 10160 mm. of fluid. 


6. The accuracy of the method for determinations of owygen. The 
following determinations have been made, chiefly with the view of 
testing the accuracy of the method for oxygen analyses. sas eaesiad 
some carbonic acid determinations were performed. 

2—2 
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(1) Some venous blood was divided into two portions, one of these was placed in a 
Loewy’s wrotonometer in so large a quantity that there were only a few bubbles of air in 
the srotonometer, these were thoroughly shaken with thie blood. The second portion was 
put in a similar #rotonometer and shaken with much more air. Blood with a constant 
oxygen content could then be delivered from either #rotonometer. The blood was analysed 
twice in the same apparatus by the differential method, in samples of 2 ¢.0. each, whilst 
duplicate analyses were made of each specimen (1 0.0.) by the chemical method : 


Oxygen in Blood 
rotonometer A Zrotonometer B between A and B AvO, 
(1) 19°8 °/, 10°6 °/, 92°), 92°), 
(2) 199%, 106%), 93% 
Mean 19°9 °/, 10°6 */, 9°3°/, 95°), 


(2) If determinations are made by the differential method it is possible in each case to 
determine how much gas one of the two samples of blood has absorbed. This is done by 


opening one stopper, bringing the closed side to constant volume and calculating from 
the observed pressure. 


This procedure was followed in the cases quoted above. The oxygen absorbed by 
blood from A was 2°1°/, and from B 11-6%/, which therefore differed by 9°5°/,, which 
agreed with the mean of the differential readings. 

(3) The following determinations were made simultaneously in two different ap- 
paratus with a very different constant for d’. 

Apparatus I, volume of bottles 27-2 c,c. (less 1 c.c. glass, 1°5 c.c. NH, and 1 c.c. blood) 


087, 4-84 oq. mm. 


Apparatus @=1-96 aq. mm. 

App. I App. Il 
2°16, 2°15 

(4) The oxygen and carbonic acid were determined in this series simultaneously. A 
large mass of blood from the butcher, dark in colour, was divided into two portions one of 
which was shaken somewhat slightly with air. The difference was determined twice in 
Apparatus I (constants see above). 

Determination (1) 
8-08 %/, 314%, 
AvCO, 61%, 

(5) Arterial and venous blood were withdrawn directly from the femoral veseels of a 
dog into which hiradin had been injected. The analysis took place simultaneously in 
apparatus I and apparatus II]. The constants of the latter were, capacity of bottles and 
tubing 112°8 ¢,c, (less 5°58 c.c. blood, 7°5 NH,, 1 ¢.¢. glase) — = 9-87, d*=1-48 mm. 

The analyses were therefore on quite different scales, The results were | 

Apparatus 
82%, 77%, 
(6) Similar to (3) but with a greater difference between the samples of blood. - 


Apparatus I it 
Av0, 114°, 118%, 
4v00, 154°, 
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(7) Similar to (6) and (3) but with a much smaller margin of difference between the 
two samples of blood used, results calculated to -05°,. 


Apparatus Itt 
“60 “55 “35 "lo 
AvCO, "BO", 9°), 25°, 


The oxygen readings in the above tests may be examined by comparing the divergence 
between the extreme readings of any series with actual value of AvO, as follows: 


Number of readings 2 2 2 2 me? 3 

al) a) (4) o m 
Mean AvO, 95%, 22%, 80% 116% 50%, 


The largest divergences take place in those samples of blood in 

which there is greatest difference between the aeration, the error 
amounting to ‘5 °/, in samples where A is over 5°/, and being ‘25 */, in 
the samples where A is smallest; probably it never can be considered 
less than this and we may then sum up the statement of the error by 
saying that down to values of 2°5 °/, for A the error is not more than 
10 “/, of A. If A be 1°/, the error is 44 and if A be ‘5°/, the error 
is 4A. . 
7. ad the of cid. As 
in all blood gas problems, the estimation of carbonic acid is much more 
@ difficult than that of oxygen. This is in part due to the larger amount 
of carbonic acid present whilst the actual value of A is usually smaller 
for CO, than for O,; in part it is due to the greater solubility of 
carbonic acid in aqueous solutions and to its chemical affinity for them 
when they arealkaline. A systematic attempt has therefore been made 
to investigate the possible errors which tend to vitiate the method. 

The starting point of this investigation has been an analysis of an 
= sodium carbonate solution. 

(1) This was commenced in Apparatus IV which had bottles of the shape shown in 
Fig. 4. The two bottles were not quite the same size, they were about 170 c.c. The value 
of -785d*= 1°13. 

To equalise the size of the bottles the following special method was invoked. 5 @.c. of 


 . Na,00, was placed in each bottle and 20.0. of saturated tartaric acid in each reservoir 


(R). 
p (at constant volume). 


Observation 2 4 
ApCo, 2 mm. 2 mm. 3 mm. 24 mm. 
poo, 157 154 ” 154 — 


The difference of pressure, which was always in the same sense, was about th of the 
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whole pressure and since d* was mall compared to ~ and V known to be about 170 c.c., it 


followed that one bottle was from 3-4 ¢.c, larger than the other. 

The cork (N, Fig. 4) was therefore moved up the glass tube by an amount which was 
judged to decrease the volume of the bottle and its attachments to this extent. The 
following observations were then made. In this case p was measured more exactly than 


before, account being taken of the actual change of temperature. 


Observation (1) (2) (3) Mean Divergence 
Apo, 1 mm. 0 mm. 1 mm. “7 mm. 1 mm. 
pCo, 164 ,, 168 ,, 164 ,, 163°7 ,, 


The bottles and their attachments were clearly of the same volume, with the experi- 
mental error of the apparatus. The exact volume may be calculated from the value of 
p00,. Five cubic centimetres of 5+ sodium carbonate solution would give off 2-775 0.0. of 
dry CO, at x.1.”., which may be supposed with safficient accuracy to be evenly distributed 
throughout the air and the fluid in the vessel at 10°C. This under the conditions of the 


experiment corresponded to 2-92 c.c. of gas, the pressure set up being 163-7 mm. of bile 
salt solution of s.a. 1-034, the volume of the bottle would be 178 c.c. 


(2) Similar determinations were made in the case of apparatus I. In this case the 
volume of the smaller bottle worked ont to be 27°2 o.c. and the difference between the 
bottles 55 ¢.c. The actual volume of the bottles as determined by weighing with water 
was 27-2 and 27°6 c.c. respectively. The bottles were equalised with glass rod. 


(3) The next step was to test sodium carbonate solutions of known, but slightly 
different, strengths. 


Two solutions were made up, one of 7 and the other was 1 x a, a 


difference in the amount of gas given off at w.t.P. by 5 o.¢. of each of these is -115 e.c. 
The following were five consecutive determinations : 

Observation (2) (3) (4) Mean 
4pCO, 6mm. lost 6-3 mm. 6-5 mm. 65 mm. mm. 


This corresponded 6-3 x -95 mm. of dry gas at N.r.P. from which it appeared that 
Av00, = 6-0 x +228) ="113 6.0. 


The above series of estimations show that 
(a) all the determinations were within 5 °/, of the mean. 
(8) that the extreme variation was about 8 °/, of A. 
(y) that the observed mean value of A was within 2 °/, of the caleulated 
(4) Having established the above facts the next step was to investigate the error caused 
by the use of ammonia in the analysis. 
For this purpose 7°5 ¢.c. of ammonia solution (4 ¢.0. of NH, of s.¢. -880 in 1 litre of 
distilled water) was placed in each flask. The fluids were analysed with tartaric acid as 
blood would be. The analyses were performed in a large room in which the observer was 
the only occupant and the ventilation was good; care was taken not to breathe into the 
flasks. The results of three successive observations were as follows : 
Observation  & (2) (8) 
ApCo, 2mm, -; 2 mm. 3 mm. 
Av00, “038 c.c, "038 “057 
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In the analysis of samples of 5 ¢.c. of blood with this apparatus, the third of the above 
readings would mean an error of more than one volume per cent. whilst the two first would 
be “8 vol. per cent. 

Greater precautions were therefore taken to keep the ammonia solution free from exces- 
sive CQ, in atmosphere to which it was exposed for a short time. 

The burette from which the NH, was delivered was placed in front of an open window. 
Between the burette and the operator was placed a sheet of glass which was not too large to 
prevent the easy manipulation of the burette, but which prevented the air in the immediate 
vicinity of the burette from being contaminated with the breath of the operator. As the 
draught from the window blew towards the operator this screen was very effectual. 

The following determinations were performed in the same way as the last, but with the 
precaution just detailed. és 


Ap (CO,) 0 mm. 0 mm. 0-5 mm. 
As these observations appeared to be entirely satisfactory the screen was used in 
subsequent experiments. 
Similar: analyses were performed in Apparatus I with 1-5 0.0. of NH,; the results 
were 
Observation (2) (3) 
Ap(CO,) 0 mm. 0-5 mm. 05 mm. 0 mm. 


This error includes any that might be introduced by rotating the bottle on the 
stopper. 

(5) The last stage in the investigation consisted in the quantitative recovery of CO, 
from small quantities of sodium carbonate added to blood. For this purpose a solution was 


made by making 2.0. of © Na,CO, up to 50 ¢.c. with distilled water. Some of the same 
distilled water, which presumably contained traces of CO,, was set aside for controls. In 
the first analysis apparatus IV was : the fluids put in were on one side, 7°5 c.c. of NH,, 
5 .6. of Na,CO, and 5 c.c. of blood ; on the other 7°5 c.c. NH,, 5 o.¢. of the distilled water 
and 6 c.c. of the same blood. 

Previous experience had made it clear that a great deal of shaking was necessary for 
accurate CO, readings when blood is used: the following figures gave the levels of the 
manometer on each side. About half a minute’s shaking with subsequent cooling was 
given between each. 

Initial (1) (6) (9) (10 
Right side 30mm. 26 265 2 2 27 275 2 25 285 285 
Left side 30mm. 387 36 34°56 34 35 = 35 85 85 35 

Correction for temperature, pressure and aqueous vapour = x “95. 


Av00,=6°5 x +118) x 95 =116¢.mm. or-116c.0. 
 AvOO, calculated =111 cc. 


Similar determinations were made with apparatus I: the bottles contained on each side 
*2 c.c. broken glass, 1°56 o.c. NH, and 1 ¢.c. of blood, the right bottle in addition contained 
1 c.c. of Na,CO,, the left 1 ¢.c. of distilled water. The results were as follows : 
Observation (i) (2) & Mean 
ApCo, 5 mm. 8°5 mm. 4mm. 4-2 mm. 
AvCO, (N.7.P.) 026 c.c. 
AvCO, calculated 


022 c.c. 
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As this error is almost entirely accounted for by that incidental to the measurement of 
the blood in au ordinary 1 c.c. pipette, the result is as satisfactory as can be expected. 


It cannot be claimed that the accuracy of the method is so great for 
carbonic acid as for oxygen and this disparity is accentuated by the 
greater precautions which are necessary in order to produce exact results. 
Nevertheless the method is a distinct advance on those at present 
in use for the comparison of the carbonic acid in small quantities of 
blood, 


The greater part of the expense of this research has been defrayed by a grant from the 
Committee of the British Association for the study of the Metabolic Balance Sheet of the 
Individual Organs. To them my thanks are due, 
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A NOTE ON THE TOTAL FAT OF RATS, GUINEA-PIGS 
AND MICE. By A. E. BOYCOTT anp G. C. GC. DAMANT. 


(From the Gordon Laboratory, Guy's Hospital.) 


In the course of another investigation a number of determinations were 
made of the total amount of fat in the bodies of various small animals. 
The results are put on record as a contribution to the numerical 
data of physiology. 

The animals were in no way selected and in all cases lived under the 
ordinary laboratory. conditions as to food and were all healthy. 

The fat was estimated by Leathes’ modification of Liebermann’s 
method! which is easily applicable to the entire carcases of animals; the 
figures, given as percentages of fatty acid on the crude weight of the 
animal, represent therefore masked as well as anatomical fat. 


A. Tame rats. 
IL Relation between size and fatness. 


Weight :—25—49 gms. 60—99 100—149 150—199 200-— 247 


Fatty acids p.c. maximum 9-2 6-1 16-1 146 97 
‘minimum 0-85 1-0 08 13 
» average 41 40 6-1 76 58 
Nateher of animals analysed 25 16 44 28 9 
a males 15 8 19 ll 7 
a females 10 7 25 17 2 
II. Relation between sex and fatness. » 


Some of the animals had been pooled for analysis without distinc- 


tion of sex: the 83 available give the following relation between sex and 
fatness :— 


Males Females 

Fatty acids p.c. maximum 113 16°1 
» Minimum 08 10 

average 44 5°6 

Nember of animals 41 42 


1 See P. Hartley, This Journal, xxxvi. p. 19, 1897. 
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BR Gui 
The weights here did not vary so much as in the rat series. 
Grouped by sexes the results are :— 


Males Females 
Number of animals 26 24 
Range of weight and average, gms. 862—767 : 567 405—742 : 556 
Fatty acids per cent., maximum 79 12°38 
” ” ” minimum 19 8°3 
” ” average 3-7 67 


Nine females were pregnant, with an average of 7°5 p.c. fatty acid 
on their whole’ weight. In six cases the fat was estimated separately 


in mother and foetus :— 


umber Length Ww 
only acids, p. c. mm. ame 
441 73 2 45 8, 09 
520 84 2 65 14, 21 
682 90 2 70 15, 16 17 
671 11-4 8 80 28, 25, 23 
509 9°8 2 90 3 50 
357 45 1 100 66 


We have determinations in only six small guinea-pigs: four 
males (155 to 208 gms.) gave 29 p.c., and two — sb eas and 
170 gms.) 2°8 p.c. 

C. Dormice. 

The dormice were examined in the autumn when my were just 

beginning to hibernate. 


Weight, gms. :—8—9} 10—19} 20 25 

Number of animals 2 ll 8 
Fatty acids per cent., maximum 3°4 16°5 24°3 
on minimum 19 13 22°3 
” average 26 74 23°1 


There was @ heavy mortality among the smaller animals: this is 
possibly associated with the low percentage of fat which seems very little 
on which to face hibernation. 


D. Tame mice. 


Three females .(13 to 27 gms.) 790 p-c., males 
(15 to 19°5 gms.) 3°35 p.c. 


CONCLUSIONS. 


These small mammals are not naturally fat as compared with larger 


animals. There is a general tendency for fatness to increase with age 
and for females to be fatter than males. 


? In eleven guinea-pigs the weight of the contents of the alimentary canal was found 
to be 10 to 16 per cent. of the whole weight. 
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CRYSTALLINE EGG-ALBUMIN. By EDITH G. 
WILLCOCK, Fellow of Newnham College, Cambridge. 


(From the Physiological Laboratory; Cambridge.) 


THE crystallisation of proteids has always been of importance, since 
successful and successive crystallisations are in themselves to a great 
extent a criterion of the individuality and purity of the substance 
crystallised. Many attempts have been made to isolate truly individual 
albumins from egg white by the method of crystallisation. Whereas 
the first method of crystallisation, viz. Hofmeister’s, yielded in 
Bondzynski’s and Zoja’s' hands a series of ‘albumins, all crystalline 
and with varying rotatory powers, Hopkins’* modification of this 
method has been supposed to yield an albumin of quite constant com- 
position and rotatory power. Hopkins’ own results show a surprisingly 
good agreement for many preparations, and also for successive crystal- 
lisations of the same. He obtained a rotatory power varying from 30°51 
to 30°76 in preparations from fifteen samples of eggs. 

Having had occasion to prepare crystalline albumin in order to 
estimate the phosphorus contained therein, I noticed that I usually 
obtained a rotatory power higher than 30°7, although I followed Hopkins’ 
method. Hopkins made a point of using eggs which were new-laid, 
but I cannot attribute to this cause the higher rotation which I 
obtained, since I have used new-laid eggs as well as eggs of varying 
ages, bought at every season in the year. The rotatory power usually 
obtained by me was about 31; I believe the albumin was identical with 
that of Hopkins, and that the difference in rotatory power was due to 
a slight difference in our methods of estimating the proteid in the 
solution, This variation, small though it be, is worthy of note, since it 
would apply to all estimations of proteid by Devoto’s method. I 
therefore treat it in some detail. 


1 Zeits. f. physiol. Chem. x1x. pp. 1—16. 1894. 
* This Journal, xxv. p. 306. 1900. 
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From a glance at the table appended, it will be seen that my 
estimations agree with each other so closely as to prove the reliability 
of Devoto’s method as modified by Hopkins. The only point 
in which I diverged from Hopkins’ method was in the testing for 
sulphate in the washings from the coagulated albumin. I tested these 
by using barium chloride as a ring test. The washings were run gently 
on to barium chloride solution and allowed to stand for nearly ten 
minutes. By this means, a ring of barium sulphate was given for days 
after the ordinary test had proved ineffectual. As the washing was 
prolonged for several days, it became important to prove that this ring 
was not due to decomposition, or slight solution of the proteid. 
My reasons for beligving the proteid to be intact are as follows :— 

a. The ring was not given by using other electrolytes, eg. KCl, 
CaCl,, MgCl,, in place of barium chloride. 

b. After 7 days’ washing a litre of the washings was evaporated to 
about 30c.c. This gave no xantho-proteic test, even as a ring test, no 
glyoxylic reaction, and no biuret test, neither did the solution show any 
charring on evaporating to dryness and heating strongly. 

c. The ring of barium sulphate does diminish, and at last 
cannot be obtained. This would not be the case were the proteid 

‘d. It will be seen from the table that the loss in weight does not 
always coincide with the length of time spent in washing, but only with 
the disappearance of the ring of sulphate (see a in table). 

e. There is no change in the appearance of the proteid and no odour 

it. 

f. The wash water shows a gradual increase in electrical resistance, 
that is, a diminishing quantity of electrolytes. 3 

The following numbers were found for one experiment : 


After 2 days’ washing 5400 ohms 


The following table shows the difference between the ordinary 
sulphate test and the ring test, and also gives the rotatory power which 
I obtained from many samples of eggs. My polarimeter readings rarely 
differed from each other by more than ‘04 when a 4 decimetre tube was 
used, or by more than 02 when using the instrument at the Cambridge 
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preparation (Devoto washing Test used ao 
18°6 */, HA “409 Ordinary test ~ 30°38 
6th crystallisation -4085 _ 
407 a Ring test but not carried ~ 30°47 
-406 be to completion ~ 30°7 
10 */, HA 313 —  . Ring test — 81-65 
“B14 
9%, HA “4768 Ring test 81-09 
: “4750 
2nd recrystn.  *4095 — 30°5 
HA “8165 Ordinary — 80°68 
*8170 
8%, HK «Ss ‘test used but not -31°2 
"8285 — carried to completion 
4%, HA 2155 1 day Ordinary 
"2165 
2135 Sdays Faint ring 
2128 4days Very faint ring Not taken 
2087 No ring given 
2125 10 days Very faint ring 
8%, HA 2415 day Ordinary test ~ 80°68 
"2415 
2370 Faint ring — 81°24 
“2350 Limit of ring test —81°5 
6%), HA 8230 Ordinary test —30°3 
“3200 Ring test used but still 30°61 
good ring given 
“3190 7 days No ring given ~- 30°71 
6 H,S0, ‘2575 1 day Ordinary test not given, 31-08 
2610 but ring still given 
2595 4days Ring gone 31-09 
“2595 
2585 6 days Ring gone 
2580 
5%, HA 2560 2days Ring still present ~30°9 
“2555 ” 31 
"2545 @Tdays Ring still given — 31°16 
‘2545 8 days 31°16 
4%, H,80, ‘2070 2days Ring given -30°5 
“2045 7 days Still a very faint ring — 30°87 
| 
The dividing lines indicate preparations from the different samples of eggs. 
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Chemical Laboratory, with a 22 decimetre tube ; the variations from 
the mean readings would of course be still less. 

Throughout this work, the ring test was used in the proteid estima- 
tions, unless otherwise stated. 

No estimations were made before recrystallisation, and in most cases 
the third or fourth crystallisation was taken as the point for estimating 
the rotatory power. | 

A sulphur determination by Carius’ method was done on a mixture 
of the last few samples of proteid washed with the use of the ring test ; 
the value obtained was 1°32°/, sulphur. This is lower than Hopkins’ 
value by ‘246 °/,, which expressed as ammonium sulphate would be 
1:016°/,. The difference in weight between my protein washed by the 
ordinary method, as against the ring test method is 101°/,. This is a 
somewhat striking correspondence, but I do not wish to lay too much 
stress on it, since the material was not sufficient for a number of estima- 
tions. 

I must draw attention likewise to the fact that in some instances the 
washing was stopped before the complete disappearance of the ring test, 
as noted in the table. This means that the true sulphur content is 
probably even lower than the value given above. 

Two facts appear in this table : 

In the first place it is evident that the different method of washing 
gives a lower value for the amount of protein present in the solution, and 
that this factor is sufficient to account for the higher value which 
I obtain for the specific rotatory power. Secondly it is seen that there 
are variations in the rotatory power greater than those found by 
Hopkins. On this point I have made several observations, and have 
obtained variations from the “normal” crystalline body which are 
difficult to explain except on the hypothesis that the crystalline 
albumin is a protein-acid compound, as suggested by Osborne’, or 
more probably that there is a series of such compounds. 


VARIATIONS IN THE Speciric Roratory Power. 


Hopkins’ preparation of crystalline albumin is as follows: the egg 
white is well beaten, and half saturated with ammonium sulphate. After 
standing for some hours it is filtered and to the clear filtrate 10 °/, 
acetic acid is added, until a permanent precipitate is produced. A 
further quantity of acetic acid, viz. 1 ¢.c. for every 100 c.c. of the original 


e  * Journal Amer, Chem. Soc. xxi. p. 477. 1900. 
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mixture, is now added, and the whole left to crystallise. I have 
observed that it is at times most difficult to obtain by these means crystals 
unmixed with amorphous matter. Hopkins believes that if the 
albumin fails to crystallise completely at the first precipitation, all 
successive precipitations will also yield a mixed product. I have 
however obtained several times a purely crystalline body by successive 
precipitations of the partly amorphous material, and in this connection 
have used ammonium carbonate with very interesting results, the 
method being as follows. The mixed material was dissolved by the 
addition of water containing a little ammonium carbonate ; the solution 
at the end was almost neutral, but a little on the acid side, On now 
adding ammonium sulphate solution, a thick precipitate was obtained, 
which shortly became entirely crystalline. This was recrystallised, and 
its rotatory power was found to be as low as — 28°5°. 

Another sample treated in the same way gave a rotatory power of 
—29°1° and a third sample had a specific rotation of —30°07°. This 
seemed of such interest that having obtained a sample of protein with 
the abnormally high rotatory power — 34°4°, I recrystallised this using 
ammonium carbonate, and lowered the rotatory power to —31'4°. A 
point of interest is that in the two former cases (the third was not 
investigated) the filtrate from the ammonium carbonate precipitation 
when heated with a few drops of acid yielded an amorphous precipitate 
whith was filtered off and readily dissolved in water. On standing a 
short time, an insoluble body was formed, and an odour of sulphuretted 
hydrogen was noticeable. This body was insotuble in water and in acid, 
but- soluble in fairly strong alkali; the alkaline solution gave no 
precipitate on neutralisation. I found it impossible to dialyse the sub- 
stance, since it decomposed very readily. 

Another variation .from the normal, which I have twice obtained, is 
one in which the addition of acid to the original solution in sulphate 
gives no precipitate at any stage. In both cases I obtained pure crystals 
by the subsequent addition of ammonium sulphate. In one case the 
abnormally high rotatory power —34°4° was obtained after recrystal- 
lisation, and in the other the rotatory power gradually fell from 
32°6° to 31°6° in a series of crystallisations extending through several 
months. The solutions of this proteid were extraordinarily clear; and 
its solubility was such that in one instance a rotation of —31" was 
actually read, using a 4 de. tube. 

In connection with. these two cases of high rotatory power, it is of 
interest to note that Osborne obtained from the mother liquors of the 
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crystals prepared by Hopkins’ method successive crystalline fractions 
of higher rotatory power, and greater solubility. The rotatory powers 
of the two samples cited above, together with the fact that they would 
not precipitate with acetic acid and half saturated ammonium sulphate, 
seems to indicate that the albumin present was one of the higher 
members of the series, and being much more soluble than the “normal” 
albumin, required the addition of more ammonium sulphate, in order to 


precipitate it. Further, by the addition of ‘8 0.0. 75 = p HCl to 1 gram of 
dialysed albumin, Osborne raised the rotatory Raw from — 29°17° to 

— 29°56° and by treating 1 gram of dialysed proteid with 1'4cc. 75 KOH 


he lowered the rotatory power from 29°17° to 28°45°. This is in accord- 
ance with my results from the use of ammonium carbonate. If too 
much acid or alkali be used, the rotation rises considerably, due, I should 
imagine, to the formation of a little derived albumin. 

For further evidence as to the combination of acid with the proteid, 
I would refer to Osborne’s paper (pages 479 and — and to the 
electrical experiments to be described later. 


CRYSTALLISATION BY THE USE oF OTHER SALTS. 


Like other observers, I have tried in vain to substitute other salts 
for ammonium sulphate, and in particular magnesium sulphate and 
anhydrous sodium sulphate at 30°C. Having failed to get albumin 
crystallised by these means, I tried to replace ammonium sulphate in 
the solution by magnesium sulphate, and succeeded by the following 
method. On adding solid magnesium sulphate to the solution of the 
crystalline body, the salt dissolves rapidly, and later a double salt of 
ammonium and magnesium separates. This I filtered off from time to 
time, until no more inorganic salt crystallised out, and the first 
appearance of cloudiness was seen in the solution. On filtering off 
these last crystals of the double salt, the filtrate was opalescent, and 
almost immediately deposited beautiful crystals, free from any amorphous 
matter. These crystals were capable of recrystallisation with magnesium 
sulphate, both directly and also after drying in vacuo over sulphuric 
acid. The rotatory power before and after drying was found to be 
— 307°. 

It may seem somewhat remarkable that albumin should be thus pre- 
cipitated by magnesium sulphate, but it must be noted that in both this 
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precipitation and in that by ammonium sulphate, the body thrown out 
is not a simple albumin, but an albumin-acid compound, and that in all 
probability the actual precipitation is only a “salting-out” phenomenon. 
Although the conductivity experiments to be described indicate that at 
one stage there may be a certain association between the protein-acid 
body and the salt, nevertheless the same experiments show that when 
the protein-acid body is actually thrown out of solution, there is no such 
association with the salt. 


ON THE DIALYSED PRrorerp. 


The albumin used was the sample described last in the preceding 
table. It was prepared with sulphuric acid, and had a rotatory power 
of — 30°87°, It was dialysed against distilled water for four days, in an 
apparatus so designed that the dialysing bags were moving constantly 
and regularly in the dialysing fluid; it was found that this movement 
greatly facilitated dialysis, although the process was slow even under 
these conditions. 

- At the end of dialysis, the external fluid, after contact with the 
dialysing bags for a whole day, gave no ordinary test for sulphate, and 
only a very faint ring test. When removed from the tubes, the dialyser 
was quite clear; the specific conductivity of the dialyser was 106"~* ohms. 
In order to concentrate it, it was precipitated by 60 °/, alcohol at —10° C., 
this method having been used, by Mellanby for serum albumin with 
successful results. The precipitate was filtered at 0° C., and was readily 
soluble in water. The resulting solution was again dialysed for some 
days, and was then used for a determination of the rotatory power and for 
the following electrical measurements. No test for sulphate was given 
by either dialysate or dialysee. 

The rotatory power was found to be —29°85°, the ring test, being 
used. Osborne, using proteid dialysed after one crystallisation 
only; obtained a rotatory power of —29°17° and — 29°23". His lower 
result might conceivably be due to the fact that he estimated his proteid 
by merely drying down and deducting the ash from his final weighing. 
In any case we are‘left with the discrepancy between the rotatory power 
of dialysed and undialysed albumin. From the results of the electrical 
experiments this discrepancy would seem to be due probably to the 
removal of acid, rather than to the removal of sulphate by dialysis. 
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The electrical work performed on this dialysed product was directed 
towards the elucidation of the following points:—(i) is there any com- 
bination between the protein and the precipitating salt? (ii) is crystalline 

albumin an acid-protein compound ? | 

Combination with the precipitating salt. Ammonium sulphate seems 


to be specific in bringing about crystallisation of albumin; it is there- 


fore of importance to determine whether there is anything like a mole- 
cular compound formed between the protein and the salt. Hopkins 
considered this question, and concluded that the crystals are not such 
a compound, My electrical experiments confirm this view, but at the 
same time indicate some association between the salt and the protein 
when the latter is in solution. Association between protein and salt 
would be indicated by a fall in the specific conductivity of the salt, due 
to a portion of the latter being attached by the proteid. We must 
consider however that a similar electrical effect would be produced by 
displacement of a portion of the solvent by proteid, when comparisons 
of equal volume are made, the true volume for purposes of comparison 
being volume of water — volume of proteid. I estimated the magnitude 
of this error, and found it to be negligible. 

Again, the diminished conductivity might be a simple viscosity 
effect; that is to say, the proteid might in some way offer a purely 
mechanical hindrance to the passage of the ions. If this were so, the 
conductivity of small concentrations of salts would be altered propor- 
tionately to that of high concentrations, unless the action were of 
the “hit or miss” type, in which case we have no criterion by which to 
distinguish it from association. When small amounts of ammonium 
sulphate were added to the solutions of protein, the conductivity of the 
salt was sensibly the same as though it were dissolved in pure water. 

In these experiments the concentration of the proteid in solution 
was 23°/,. In the following table the conductivity of the salt in 
presence of prot@jais the observed conductivity of the solution, less that 
of the protein solution alone. 

At E the amount of salt was sufficient to produce actual precipita- 
tion, and the conductivity measured was that of the solution after 
removal of the precipitate. With extremely dilute salt (see A) there 
is no drop in conductivity and therefore no association is indicated. 
Throughout the range of opalescence there is a marked drop in 
conductivity, indicating some degree of association, whereas little or any 
of the salt seems to be associated with the protein when actually 
precipitated. | 
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Conductivity 
Concentration Degreeof in 
of salt saturation of protein ‘toe Ratio Remarks 
A. 01 N 132 x 10-* 130 x 10-* 1-00 
B. 3°48 N . 824 342 95 Just opalescent. 
Cc. 5N “43 398 410 ‘97 Opalescence. 
D. 58N 5 428 448 “96 ue. 
E. 638 N “55 471 474 “99 


Acidity and basicity of the albumin. Observations were made on 
the dialysed protein prepared in the ordinary way, by chemical and 
also electrical methods. By the former, it was shown that the dialysed 
protein was distinctly acid towards dialysed litmus, the acidity in one 
case being 0028 normal, measured against 01 normal caustic soda. 
Osborne also found his dialysed albumin to be acid. 

The movement of the protein in an electric field was also deter- 
mined. For this measurement a cell was used in the manner described 
by Hardy’, the motion of the surface bounding the protein solution 
being read. 

An interesting difference was shown between protein crystallised 
in faintly alkaline or neutral solution, and protein crystallised in acid 
solution. The former sample was dialysed against faintly alkaline tap 
water, and was later found to move towards the anode, #.e. the protein 
under such conditions is electro-negative. Samples crystallised in acid 
solutions moved towards the kathode, and are therefore electro-positive. 
The rate of drift is extremely slow, of the order of 2 x 10~*c.cm. per sec. 
Under the conditions of the experiment this means an observed drift of 
‘2c.cm. in 30’. 

The result was confirmed by a gravimetric method, using protein 
crystallised from acid solution and dialysed. When the current had been 
passed through the protein solution for 1} hours, equal volumes of the 
solution were carefully withdrawn from each arm of the cell, and the dry 
protein in each estimated. This showed that there was 18 °/, more 
protein in the kathodic than in the anodic arm of the cell; the protein 
was therefore electro-positive. 

It is evident from these experiments that the acidity of the dialysed 
solution is due not to the protein itself but to acid which is attached in 
some way to it, possibly in some kind of molecular combination. The 
protein itself moves towards the kathode, therefore it reacts in this 
respect to the attached acid as a base. 

Experiments were made to ascertain the effect on the eiatidctivity 
of the addition of small amounts of acid or alkali to the protein solution. 
The salts of a weak base, such as ammonia, or of a weak acid, such as 

1 This Journal, xxxu1. p. 251. 1905. 


3—2 


4 £ 
4 
a”) 


36 | E. G. WILLCOCK. 


acetic, have a higher molecular conductivity than that of the base or 
acid itself. An increase in the molecular conductivity would in such 
cases indicate salt formation. 

The dialysed solution used in the experiments contained 1°68 °/, of 
protein, To this solution ammonia was added, to low concentration, 
—-006 normal, with the result that the molecular conductivity of the 
ammonia was more than doubled ; the conductivity of a similar concen- 
tration of acetic acid was left practically unchanged,. | 

O08 conductivity in proteid solution _ 2-35. 
conductivity in water 
‘006 normal acetic acid 11, 

This again indicates the presence in the protein solution of some 
acid capable of forming salt with the weak base, Whatever be the nature 
of this acid, it is so held to the protein that dialysis under ordinary 
conditions, that is with CO, present, fails to remove it; the evidence is 
in favour of its being combined with the albumin. 


SUMMARY. 


1, A slight modification in the test for sulphate, used in Hopkins’ 
adaptation of Dévoto’s protein estimation, may so affect that estimation 
as to raise the rotatory power as much as 1°. A sulphur estimation 
gave the value 1324°/,. 

2. There are small variations in the specific rotatory power of egg 
albumin, and some evidence is brought forward that this may be due 
to the formation of varying protein-acid bodies. 

3. Ammonium sulphate having been used as the agent fur crystal- 
lisation of the albumin, can be then replaced by magnesium sulphate. 
Neither the crystalline form nor the rotatory power of the albumin 
seems to be materially affected by this exchange, and magnesium 
sulphate can be used in successive crystallisations. 

4. Electrical experiments on dialysed albumin show that although 
the dialysed product is acid to litmus, the protein part of it moves to 
the kathode and is thus basic. The hypothetical protein-acid compound 
can form salts with a weak base. There is some evidence for associa- 
tion with the precipitating salt, but only until precipitation actually 
occurs. 


_ With much pleasure I take this opportunity of expressing my thanks 
to Mr W. B. Hardy for his ready help and advice in‘ the electrical 


experiments. 


{A part of the expense of this work was defrayed by a grant from the Royal Society.) 
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ON THE MUNCHI ARROW POISON AND STROPHAN- 
THIN. By GEORGE RALPH MINES, B.A., Scholar of 


Sidney Sussex, College, Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


In the course of some experiments on the behaviour of skeletal muscles 
in saline solutions, Professor Langley suggested that I should examine. 
the influence of the Munchi arrow poison and gave me some of the same 
batch of arrows as used by Fréhlich in his observations published in 
1905". 

In the paper referred to, Fréhlich states that the poison is insoluble 
in warm or cold water and in “75 per cent. sodium chloride solution, but 
soluble in 1 per cent, sodium carbonate. I find that on merely shaking 
the powdered substance with water or ‘7 per cent. saline there is no 
apparent solution and on similarly treating the powder with 1 per cent. 
Na,CO, a deeply coloured extract results. But by grinding the arrow 
poison in a mortar with distilled water or ‘7 per cent. sodium chloride 
solution and then filtering, a clear yellow-brown liquid of high toxicity 
is obtained. This observation seemed to me to cast doubt on Fréhlich’s 
conclusion that the toxic principle is a substance belonging to the 
class of resinous acids: I therefore made further experiments with the 
material. 

As regards the mode of preparation of the arrow poison, little informa- 
_ tion is available. Lewin states that the arrow poison of the “ Muntschi 
tribe in Haussa land” is greatly dreaded, as it proves fatal to man in 10 
minutes. Several plants are said to be used in its preparation together 
with snake venom and some part of a poisonous fish found in the Benue 
river’, 

It is well known that the seeds of Strophanthus hispidus are 
employed as an arrow poison in many parts of Africa, In West Africa 


1 Préhlich. This Journal, xxxu. p. 319. 1905. 
® Lewin, Die Pfeilgifte, Berlin. 1894. 
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they are used for this purpose by tribes inhabiting Senegambia, Gaboon, 
Sierra Leone, Guinea and the Niger district’. 

It is said that some tribes attempt to make their weapons still 
more deadly by placing the poisoned arrow-heads in the flesh of 
putrefying corpses. They thus become carriers of bacterial infection. 
In this connexion it is of interest to note that the extracts of the 
Munchi arrow poison acquired a putrefactive odour within a week, 
unless they were boiled, in which case they often remained unaltered 
for over a month. 

Bolton* has recently described the physiological action of an arrow 
poison also obtained from Northern Nigeria This, like the poison 
which forms the subject of the present paper, is primarily a heart 
poison, but unlike the Munchi poison it is said to constantly stop the 
ventricle of the frog’s heart in diastole. 

Physical and chemical properties. The arrow poison is a brittle 
dark brown substance with a faint aromatic odour. It is partly soluble 
in ether, in alcohol and in water. The ethereal extract on evaporation 
yields a brown resinous mass with a pleasant aromatic odour. This 
residue is insoluble in water but it dissolves in dilute alkalies to form 
an opalescent and somewhat soapy solution. The solution of the ethereal 
extract is slightly toxic, at least a hundred times less so than the extract 
of the same amount of origitial substance prepared with water. 

The present paper is concerned with the properties of an aqueous 
extract of the arrow poison, which undoubtedly contains the chief toxic 
ingredient. By grinding the original material or the portion of it 
insoluble in ether with a hundred times its weight of distilled water, 
and filtering, a yellow-brown liquid was obtained of neutral or faintly 
acid reaction and possessing an intensely bitter taste. An alcoholic 
extract of the substance evaporated and dissolved in water possessed the 
same properties. By boiling with animal charcoal and filtering, much 
of the colouring matter was removed from the solution without at all 
diminishing its toxicity. : 

Fréhlich® states that the extract of arrow poison is rendered harmless 
by boiling. It must be remembered that his solution was prepared with 
1 per cent. sodium carbonate. I find that when the poison is heated to 
100° C. for a time in such an alkaline solution its toxicity is destroyed, 
though similar treatment in a neutral aqueous solution leaves it 

? Fraser, Trans. Roy. Soc. Edin. xxxv. p. 955. 1889; also Journ. Anat, and Physiol. 
vi. p. 189, 1878. 
* Bolton, Proc. Roy. Soc. 1906, B, p. 18. * Loe. cit, 
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unaffected. The following experiment may be quoted in illustration of 
this point. 

Ezp. Tube A contained 1 o.c. of a 1 per cent. extract of arrow poison in ‘7 per cent. 
NaCl +1 distilled water. 

Tube B contained 1 c.c. of the same poison extract +1 0.c. of a 2 per cent. solution of 
sodium carbonate. 

Both tubes were heated in a water bath at 100° C. for 130 mins. The solutions were 
allowed to cool and their toxicity tested on spinal frogs. 


” ” » ‘lee, ” 

» iii os » Gee. ,, disappeared within 12 hrs. 

Reflexes remained vigorous for 48 hrs. (when 
pany observation was discontinued) 

» Vi ” » 10 ce. ” 


The aqueous extract, decolourised in the manner described, gave a 
very slight reduction when boiled with Fehling’s solution, but after 
preliminary boiling with dilute hydrochloric acid and neutralisation, 
it gave a considerable precipitate of cuprous oxide when tested in the 
same way. After concentration by boiling, the aqueous extract yielded 
a green colouration when treated with a few drops of strong sulphuric 


acid. With phospho-molybdic acid it gave an emerald-green colour on 


warming and on cooling a pale blue tint remained. The addition of a 
solution of tannic acid caused a bulky precipitate to fall. These 
reactions are all given by the glucoside strophanthin'. 

Fréhlich considered that the active principle of the arrow poison 
was not strophanthin, on the grounds that the material was insoluble 
in water and’ did not give a green colouration with sulphuric acid. The 
poison contains an oily or resinous substance which renders it necessary 
to use some pains in extraction in order to obtain a solution of the 
constituents which are soluble in water. It is probable that in the 
deeply-pigmented solutions prepared by Fréhlich’s methods, the colour 
reaction would be masked. 

Lethal dose. The physiological action of the aqueous or neutral 
saline extract of the poison was tested on spinal frogs. Numerous con- 
trols show that frogs after having their brains destroyed with a seeker 
maintain a good circulation and vigorous spinal reflexes for at least 
_ three or four days. The injection of ‘5 cc. of a 1 per cent. extract 
caused the reflexes to disappear in an hour and a half. The minimal 
lethal dose was found to be about ‘01 cc. of the 1 per cent. extract. 
_ The aqueous extract of j, of a milligram of the crude arrow poison will 
1 Fraser, loc. cit. | 


Frog i. 
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kill a frog of medium size in something less than 12 hours, sometimes 
within three hours. | 
Action on the heart. By exposing the hearts of brain-pithed frogs 
and injecting small doses (‘1 c.c., ‘2 c.c., ‘04 ec.) of the 1 per cent. 
extract of the arrow poison in saline solution, it. was found that the 
ventricles stopped beating in about 15 minutes, remaining in systole, pale 


‘and bloodless. The auricles continued beating for some minutes longer, 


but the contractions grew feebler and slower and finally ceased, the 
auricles being greatly distended with blood.. These effects are the 
same as those described by Fréhlich for the extract of the arrow 
poison in sodium carbonate solution. 

The action of the poison was further studied by perfusing the heart 
through a cannula placed in the vena cava. The movements of the 
heart were recorded by a lever connected with the apex of the ventricle : 
and in some cases the auricular and ventricular beats were recorded 
separately, using the convenient method described by Miss Durham’. 
The poison extract tested in this way was made by grinding arrow 
poison with a hundred times its weight of Ringer’s solution or ‘7 per 
cent. saline, filtering the extract and diluting it with Ringer’s svlution. 
In other cases an aqueous extract of the poison was evaporated and the 
residue dissolved in Ringer’s solution. The words arrow poison refer 
always to the crude material removed from the arrow-head. 


Fig. 1. Frog’s heart perfused through inf. vena cava showing the effect of 1 in 1000 
Munchi arrow poison in Ringer's solution. Upstroke= systole. 


The effect of perfusing Ringer’s sulution containing 1 in 1000 of the 
Munchi arrow poison is seen in Fig. 1. Almost immediately the solution 
reached the heart, the diastole of the ventricle became less complete : 
the beats became irregular—in this case showing a curious secondary 
rhythm—and ultimately they ceased altogether, the ventricle being in 
systole. Frequently the ventricle gives alternate large and small beats 
while under the influence of the poison (pulsus alternans). Presumably 
this is due to a deleterious effect of the drug on the conductivity of the 


' Proc. Phys. Soc. This Journal, xxx. p. xxxi. 1908. 
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muscle, causing part of the ventricle to respond ae to every second 
contraction’ (Fig, 2), 


Fig. 2. Frog's heart during perfusion with Munchi arrow poison 1 in 500 in Ringer's 
solution, showing the occurrence of alternating ventricular beats. Auricles and 
ventricle separately recorded. Upstroke= systole. 

When a very dilute solution is perfused the first effect is an 
augmentation of the heart beat unaccompanied by any change in rate. 
Both systole and diastole are increased (Fig. 3a). This has been 
described by Fraser as an effect of strophanthin and on it depends the 
therapeutic value of that drug. If the perfusion of the dilute solution 
is continued there is ultimate stoppage of the heart with the ventricle 


Fig. 3. Frog’s heart perfused as before, the augmentation of beat prod by a small dose 
of arrow poison is shown in a. Between the two portions of an interval 
of two minutes elapsed during which Ringer’s solution was perfused. shows the 
effect of again perfusing the poison. Time in seconds and minutes. 


in systole, as with larger doses. The effect of the poison is cumulative. 
If it is perfused through the heart in very dilute solution for a time and — 
then washed out of the cavities of the heart by perfusing Ringer's 
solution, a second application of the poison in the same strength 
promptly causes arrest of the ventricle in systole (Fig. 3). A solution 
containing one part of the arrow poison in 20,000 parts of Ringer's 
solution caused systolic arrest of the heart in 15 minutes. 


1 Of. Muskens. ‘This Journal, xxxvi. p. 104. 1907. 
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In two out of fifteen tracings taken the ventricle stopped in moderate 
diastole, afterwards gradually going into systole. This is an effect which 
Fraser mentions as occasionally occurring when the frog’s heart is 
perfused with:a dilute solution of strophanthin. 

Previous treatment of the heart with atropine so as to completely 
abolish the action of the vagus did not modify the reaction of the heart 
to the arrow poison. | 

It is clear from these experiments that the aqueous extract of the 
Munchi arrow poison contains a toxic substance which in its action on 
the heart exactly resembles strophanthin. 

Mr F. 8. Poole of Charing Cross Hospital kindly gave me a small 
quantity of the poison removed from the head of an arrow from Lagos 
which had been in his possession for over 15 years. I tested an extract 
containing 1 part in 1000 parts of Ringer's solution on the frog’s heart 
and found: that such a solution stopped the heart in 5 minutes with 
exactly the same phenomena as in the case of the Munchi poison. 

Fig. 4 shows the behaviour of a heart when treated with a second 
dose of the extract referred to: it illustrates the stoppage of the ventricle 
which takes place while the auricular contraction is still vigorous. 


Fig. 4. Frog’s heart. Perfused Ringer through inf. vena cava. At point marked, sub- 
_ stituted Ringer containing 1 part in 1000 of poison from an arrow obtained from Lagos 
15 years before. The heart had been slowed by a previous short treatment with the 
solution, which was washed out with Ringer before stoppage took place. Time in 
minutes. ~ 
Action on the spinal cord. Fraser’ concludes that strophanthin has 
a direct action in paralysing the reflex function of the spinal cord, 
though this action is slight and unimportant in comparison with the 
other actions of the drug. This conclusion is based on the observation 
that the reflexes in the frog disappear more quickly after injection of 
strophanthin (which stops the heart in about 10 minutes) than after 
ligature of the base of the heart. Fraser apparently made only one 
experiment on this last point and he found that after stopping the - 


' Edin, Trans. xxxvi. p. 364. 1889. 
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circulation with a ligature the reflex function of the spinal cord persisted 
for over 3 hours. This would appear to be an exceptionally long interval ; 
Bergmann’ found that the reflexes disappear about 30 minutes after 
interruption of the circulation, and Baglioni’ in 45 minutes. Very 
probably these discrepancies may be explained by differences of season 
or temperature. 

In six experiments on decerebrate frogs in the winter, I found the 
following times elapse between the ligature of both aortae and the 
complete disappearance of reflexes from the hind limbs. 


Mins. Hrs. Mins. 
1 2 1 2 
2 @ 1 2 
1 5 1 


After the injection of a moderately large dose of the arrow poison 
extract, reflexes disappeared from the decerebrate frog in about one and 
a half hours. The heart is stopped very quickly by the injection. 

These results left room for doubt as to whether the arrow poison had 
any direct influence on the spinal cord. The matter was further tested 
by perfusing the spinal cord with a dilute solution of the poison in 
aérated Ringer's fluid. By fastening a cannula in the left aorta of a 
decerebrate frog and perfusing Ringer's solution which had been shaken 
well with air, it was found easy to maintain the reflexes of the hind limbs 
for over four hours. When a solution containing 1 part in 1000 of the 
arrow poison was substituted, the reflexes disappeared completely in forty 
or fifty minutes. The record of such an experiment is given below. 


Ezp. Pithed the brains of two frogs A and B. Exposed heart and placed ligatures — 
around aortae. Tied a cannula in left aorta of each frog. 


12.5—-12.7. Commenced perfusion of A with Ringer’s solution. Commenced perfusion 
of B with Ringer’s solution, containing 1 part in 1000 Munchi arrow 

12.15. Reflexes good in both. 

12.45. Reflexes somewhat diminished in B. A vigorous. 

12.57. Reflexes entirely absent from B: Muscles of B readily excitable directly and 
by nerve, using weak induction shock. A vigorous. 

3.10. Reflexes in A good. 


That the disappearance of reflexes was not due to the peripheral 
action of the poison was made clear by other experiments in which the 
structures of the thigh, excluding the sciatic nerve, were ligatured on 


1 Quoted by Sherrington, Integrative action of Nervous system, p. 79. 
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one side’. On perfusion of the poison solution (1 in 1000) the reflexes 
disappeared at the same time, viz. in about 45 minutes, on the ligatured 
and unligatured sides. In two cases where a stronger poison solution 
(1 in 500) was used, the reflexes disappeared rather earlier on the 
unligatured side, indicating that a reduction of muscular irritability 
had set in before the reflex function of the spinal cord was abolished. 
With the weaker solution the effect on the spinal cord is manifested 
before the muscular irritability is affected. 

It seems then that the poison can exert a direct action on the spinal 
cord, but that owing to the rapidity with which it stops the circulation 
its usual action in abolishing reflexes is indirect. 

Action on plain muscle. The action of the poison solution was first 
tested on rings cut from the frog’s stomach. The preparation was 
immersed in Ringer's solution which was presently replaced by the 
solution of arrow poison. The effect was a slight increase of tone with 
a somewhat greater frequency of the rhythmic movements of the muscle. 
It was noticed however that occasionally the mere removal and 
replacement of the Ringer’s solution provided a sufficient mechanical ; 
stimulus to alter the character of the tracing, and hence further 
experiments were made by a method which I believe eliminates this 
possible source of error. The frog was pithed, and perfused by means 
of a cannula tied into ove of the aortae. The movements of some 
abdominal viscera were recorded by attaching the organs to a light 
lever of the type described by Brodie*. After a period of about 
twenty minutes or when a steady condition was reached the poison 
solution (made up in Ringer's solution) was turned on, care being taken 
that the head of pressure remained the same. 3 

With a solution containing one part in 1000 of the crude arrow 
poison, the effect on the bladder was well marked. In every case 
there was an increase in tone and usually in the frequency of the 
automatic movements. In those instances where the organ was quiescent 
during the perfusion with Ringer’s solution, the passage of the poison 
always aroused it to activity. 
influence of a solution containing the aqueous extract of 1 gm. 
of arrow poison dissolved in 500 c.c. of Ringer's solution on the bladder, 


* Reflexes were readily obtained from the leg of a spinal frog twenty hours after the 
circulation in the limb had been stopped by such a ligature (control). The disappearance 
the Hentured side is therefore not due to any diminution of irritability of 


* Brodie, Proc. Physiol Soc. 1902. This Journal, xxrx. p. xxxi. 
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stomach and rectum of the frog is illustrated by the tracings reproduced 
in Figs. 5, 6 and 7, 


Fig. 5. Reeord of movements of bladder. Pithed frog perfused throngh left aorta with 
Ringer’s solution. At point marked Ringer's solution containing 1 in 500 of the 
arrow poison (aqueous extract) was substituted. 


_ Fig. 7. Movements of rectam. Frog perfused through left aorta with Ringer’s solution. 
Between the points marked the circulating fluid contained 1 in 500 Munchi arrow 
poison (aqueous extract). 


A solution of strophanthus was prepared by evaporating a sample of 
Tinctura Strophanthi and dissolving the residue in Ringer’s solution, 
diluting this solution so that its toxicity was roughly the same as that 
of the arrow poison solution when tested on frogs. When perfused 
through the aorta this solution produced effects on the bladder, rectum 
and stomach exactly similar to those described for the arrow poison. 
No effect on the frog’s blood vessels was detected when the arrow poison 
solution was allowed to perfuse them—the escaping fluid being 
measured. | 

Action on skeletal muscle. When a dilute extract of arrow poison 
in Ringer’s solution is applied to the skeletal muscles of the frog either 
by the method of perfusion or by placing the muscles in the liquid, 
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after a time fibrillary twitches are observed. The movements resemble 
those which occur in muscles placed in solutions of pure sodium salts, 
but unlike these they are not seen in muscles taken from 4 curarised 
frog. Fig, 8 is the tracing of a photographic record of a frog’s sartorius 
immersed in Ringer's solution containing ‘2 per cent. of arrow poison. 


Fig. 8. Spontaneous twitches of frog’s sartorius immersed in arrow poison 1 part in 500 
parts Ringer. Time in seconds. 


Occasionally the movements were definitely rhythmical, but their 
periodicity varied greatly from time to time, a rhythmic condition 
seldom persisting for as much as half a minute. I hope to describe 
them in greater detail in a future paper. 

The action of a stronger solution, or the continued application of 
the dilate solution, results in a gradual loss of excitability as described 
by Friéhlich. A frog’s sartorius placed in the 1 per cent, extract 
becomes almost entirely inexcitable in about an hour. A gradual 
shortening of the muscle takes place, and is associated with the onset 
of rigor. The period during which twitches occur and the-subsequent 
shortening of the muscle are illustrated by Fig. 9. 


Fig. 9. Frog’s sartorius. At the beginning of the tracing the muscle was immersed in the 
arrow poison (1 in 500 Ringer). There was no change in length until the spontaneous 
twitches began. 

After injecting large doses of the extract into decerebrate frogs the 
excitability of the skeletal muscles disappears i in about three hours and 
rigor mortis comes on sooner than in frogs killed by merely stopping 
the circulation, but I have not observed the extremely rapid onset of 
rigor mortis noticed by Fréhlich. 

After a small dose of the poison, sufficient to kill the frog by its” 


action on the heart, the skeletal muscles may remain excitable for over 
24 hours, 
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In a number of experiments in which frogs were perfused with the 
poison solution I observed that the muscles were still excitable directly, 
when stimulation of the nerve was without effect. In cases where on 
one side a ligature prevented the perfusing liquid from reaching the 
muscle, the nerve, though itself exposed to the poison, was found 
excitable at a time when all irritability of the muscles on the opposite 
side had disappeared. The poison therefore paralyses the connexion 
between nerve and muscie, though only at a stage in which the muscular 
irritability is itself greatly reduced. . 

The fibrillary twitches, loss of excitability first indirect and then 
direct, and the gradual shortening of the muscle are all described by 
Fraser’ as characteristic of the action of strophanthin. 

Antagonism between strophanthin and veratrin. Some time ago 
Professor Langley made the observation that a muscle treated with the 
Munchi arrow poison was.subsequently not acted upon by an otherwise 
effective dilute solution of veratrin. At his suggestion I tried whether 
strophanthin would also antagonise the action*of veratrin, Fig. 10 
shows the result of such an experiment. The sartorii of a frog were 


Fig. 10. Sartorii of frog, stimulated with single break induction shocks, Du Bois 
inductorium, secondary coil at 5 cms. 


A in Ringer 20 mins., then in veratria -001 per cent. 40 mins. 
B in strophanthin “01 per cent. 20 mins., then in veratria -001 per cent. 40 mins. 


excised and placed one in Ringer's solution and the other in strophanthin. 
Both were then transferred to veratria and the muscle that had received 
previous treatment with strophanthin was apparently unaffected by the 
veratria, though the control showed a well marked effect. 

Using a more active veratrin solution (‘01 per cent. veratrin 
hydrochlor. Merck) it was found that of two muscles treated with 


1 Loc. cit. 
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veratrin, that which had been previously acted on by strophanthin gave 
a much less marked contracture. 

When a muscle is thoroughly veratrinised it is possible to remove 
the effect of the veratrin by the use of strophanthin, though a 
considerably longer period of immersion is required to show the 
antagonism than if the muscle is placed first in strophanthin and then 
in veratrin. 

Strophanthin appears to gradually abolish that condition of the 
muscle which leads to the veratrin contracture. Ata certain stage in 
the action of strophanthin on the veratrinised muscle it is possible to 


elicit the quick twitch alone by using a weak induction shock, whereas — 


with a stronger shock the quick twitch is followed by the yeratrin 


Fig. 11. Fig. 18. 


Fig. 11. Frog's sartorius after 5 mins. in veratrin hydrochloride -00025 cent. and 
7 mins, in strophanthin -1 per cent. . 3 


The first three contractions were elicited by break induction shocks with the 
secondary coil at 10 oms., the fourth with the coil at 2 ems. 


Time marked in seconds. 
Fig. 18. Toad’s gastrocnemius. Break induction shocks, coil at 2 cms. 
A freshly excised : B after 15 mins. in -1 per cent. strophanthin. 


Fig. 12. Coraco-radialis muscle, Male , ond of February. | 
Stimulated with Induction shotte, nll at Some 
A freshly excised muscle. 


B same muscle after 15 mins. in ‘1 per cent. strophanthin in Ringer’s solution. 
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contracture (Fig 11). This effect has also been observed in a muscle 
immersed for a short time in a very weak solution of veratrin. 

The flexor muscles of the arm, particularly of the male frog, often 
give a marked contracture in response to a single induction shock. I 
found that this contracture is greatly reduced after a short immersion in 
strophanthin. In Fig. 12 A shows the record of the freshly excised 
coraco-radialis, B another contraction evoked by a stimulus of the same 
strength as before, after the muscle had been immersed in ‘1 per cent. 
strophanthin for 15 minutes’. In the fresh muscle as the result of the 
contracture there was considerable fusion of the contractions elicited by 
shocks thrown in at intervals of two seconds. After 15 minutes immersion 
in ‘1 per cent. stropharithin the fusion was practically absent, each curve 
returning almost completely to the base line before the commencement 
of thé next contraction. 1 per cent. solution of the Munchi arrow poison 
acted on the coraco-radialis in the same way asstrophanthin. Similarly 
the slow relaxation of the toad’s gastrocnemius becomes rather quicker 
treatment with (Fig. 13). 


ConcLusIons. 


er is offered for the belief that the chief toxic iaieiions of 
the Munchi arrow poison presented to the Cambridge Physiological 
Laboratory in 1900 by Major Alder Burdon, is the glucoside strophanthin. 

_ An aqueous extract of the poison gives the glucoside reaction and 
certain colour reactions described for strophanthin. It possesses an in- 
tensely bitter taste and its toxicity is unaffected by boiling in neutral 
solution. 

. The action of the poison on a number of tissues in sha tee i 
described and shown to closely resemble that of strophanthin. _ 
_ There is an antagonism between veratrin and eropenathin as regards 
their action on skeletal muscle. 

Strophanthin will convert the prolonged contraction (contracture) 
given by the frog’s coraco-radialis muscle into a quick twitch. 

These actions are shared by an aqueous extract of Munchi arrow 
poison. 

I wish to express my gratitude to Langley 
advice and encouragement. I am also indebted to Dr Dixon for some 
specimens of tincture of strophanthus and to Mr Keith Lucas and 
Mr Woolley for the use of apparatus. 

a Keeping the muscle in pure Ringer’s fluid caused some, bak gee too Shestans 
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COLCHICINE WITH SPECIAL REFERENCE TO ITS 
MODE OF ACTION AND EFFECT ON BONE- 
MARROW. By W. E. DIXON, MA, MD. and WALTER 
MALDEN, M.A., M.D. 


(From the Pharmacological Laboratory Cambridge.) 


Tue alkaloid colchicine was isolated in 1887 by Houdé and its action 
was investigated by Jacobi. Jacobi showed that it becomes changed 
in the body to oxydicolchicine and that whichever of these two bodies, 
colchicine or oxydicolchicine, is injected into an animal, symptoms of 
poisoning do not appear till from two to three hours after injection. 
He! showed further that colchicine excites some portion of the nervous 
mechanism of the stomach and intestines, causing vomiting and 
diarrhoea, and that it ultimately produces death by paralysing the 

Colchicum is a remedy of unquestioned value in the treatment of 
acute gout ; it relieves the symptoms in such a remarkable way that its 
action has been termed specific. Formerly this beneficent effect was 
attributed to a greater elimination of uric acid, but more accurate 
knowledge has completely demonstrated that colchicum has no action 


on the excretion of uric acid. Nor has there been any valid hypothesis 


which accounts for its value in gout, unless it be that of Rossbach?, 


who believes that the alkaloid paralyses the peripheral and central 
nerve terminals, | 


IMMEDIATE EFFECTS OF COLCHICINE. 

Colchicine is remarkable among drugs in that it exerts two distinct 
types of action. It produces certain specific effects immediately, like 
most alkaloids; and it exerts certain remote effects only after it has been 
in the circulation some hours, like the toxins, The immediate effects 
are exerted on plain muscle and resemble those of pilocarpine. The 


* Arch. f. exp. Path. u. Pharm. xxvu. p. 119. 
® Pfliiger’s Arch. x1. p. 308. 1876. 
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automatic movements of plain muscle throughout the body are 
augmented: thus, peristalsis is increased, splenic, uterine, and bronchiolar 
muscle show augmented tonus and movements, and in every case the 
action is antagonised by atropine. In this respect it closely resembles 

i ine and muscarine in its action, but it differs from these drugs 
in that it does not excite glands, nor the cardiac vagus. Even in the 
largest doses the heart is little altered, and blood-pressure is affected to 
a slight extent only, Fig. 1 shows the typical effect of injecting 
colchicine into the circulation of a mammal. The blood-pressure falls 
as the result of very slight cardiac inhibition, and the effect is not 
obtained on the atropinised animal. Fig. 2 shows the effect on the 
peristaltic movements of injecting colchicine; the most noticeable 
feature is the great rise in tonus which it causes, the action is almost 
identical with that of pilocarpine. Fig. 3 shows the effect of colchicine 
on the bronchioles. The amount of air entering and leaving the lungs 
was measured by the plethysmographic method, and the figure shows 


_ that about two minutes after the injection of the drug there is marked 


constriction of the bronchioles. 


Fig. 1. Dog. Morphine. Urethane. Right limb volume. 8.-r. The right sciatic nerve 
ig severed. Shows the effect of injecting 1 ¢.c. 1 °/, colchicine into the left jugular 
vein. Time=secs. 

- There are several substances which are said to excite the nerve- 
endings to glands and plain muscle, principally because their effect is 
destroyed by the previous injection of atropine but not by nicotine ; the 
cells are not affected by the atropine since they respond to direct stimula- 
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tion. Muscarine, pilocarpine, physostigmine, and colchicine are examples 
of such drugs. The proof that atropine paralyses “nerve-endings ” is 
clear enough in the case of muscle. For example, it paralyses the fibres 
of the third nerve to the circular muscle of the iris: this muscle does 
~ not respond even when the nerve is excited post-ganglionically, yet the 


Fig. 2. Cat. a.c.2. Intestinal movements recorded by the balloon method. .2.-r. 
Shows effect of injecting 1 c.c. 4 °/, colchicine into a vein. Time=secs. 


Fig. 3. Cat. Lung volume and Artificial respiration. Shows 
effect of injecting 1 c.c. 4 colchicine. Time=secs. 


muscle can be made to contract by the direct application of the electrodes 
to it. In the case of glands the proof is less convincing, since it does not 
appear to be possible to excite the gland cells directly by means of 
electricity. Atropine paralyses the chorda tympani to the submaxillary 
gland, so that no secretion of saliva is obtained even when the terminals 
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are pushed right down into the hilus of the gland (post-ganglionic 
excitation). Stimulation of the sympathetic nerve, unless atropine has 
been ‘given in maximal doses, still causes some flow of saliva, so that the 
cells can still respond to a suitable stimulus. 

There are reasons for believing that these drugs, physostigmine, pilo- 
carpine and colchicine, do not act on the same structures, and also that 
the peripheral autonomic nervous system is not composed of chemically 
identical nervous elements. Colchicine, for example, exerts the typical 
effect on the “ vagus endings” in the alimentary canal, but has little or 
no action on the iris, heart or vessels: nor does it excite éxcept in the 
most trifling manner gland cells. Again, pilocarpine and physostigmine 
act differently on the plain muscle. This can be shown in the simplest 
manner on the enucleated eyes of frogs placed in normal saline solution in 
the dark. A 1 per cent solution of either pilocarpine or physostigmine 
constricts the iris till the pupil is pinhole. If the eyes are placed for 
about half an hour first in a 0°5 per cent. solution of atropine and 
subsequently in the pilocarpine and physostigmine solutions respectively 
the pilocarpine is now found to have no action and the pupil remains 
widely dilated, whilst the physostigmine constricts the pupil as before. 
It has been argued that physostigmine only differs from pilocarpine in 
that it has a much more vigorous stimulant action than the latter drug. 
But in view of recent work on muscle, which tends to show that degrees 
of activity depend upon the number of cells acting, this is a little difficult 
to understand but will receive further attention presently. 3 

If frogs’ eyes are placed for half an hour first in nicotine or curari, 
and subsequently in pilocarpine or physostigmine solutions, it is found 
that the pilocarpine acts as before, that is it constricts the pupil, whilst 
the physostigmine has almost no action; in other words pilocarpine 
always act in the presence of nicotine and curari, but not in that of | 
atropine. Physostigmine can act after atropine, but not after nicotine 
or curari. 

"Nicotine and curari paralyse the actions of all the nerve fibres 
which pass from the central nervous system to muscle, striped, plain, or 
cardiac, although the seat of action is more peripheral in the case of 
striped muscle. Atropine on the contrary paralyses some nerves only, 
such as the vagus to the heart and bronchioles, and the ciliary nerves: it 
has no apparent effect on the motor nerves or the splanchnic nerves as 
the result of electrical excitation, although it paralyses some structures 
or substances at the “ nerve-ending,” since the effects of pilocarpine and 
colchicine are not obtained if there has been a previous injection of 
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atropine. We mention these points here, not because we wish to discuss 
the question of “ nerve-endings,” but to support our general contention 
that an end organ may be excited peripherally in several ways, and that 
probably pilocarpine, physostigmine and colchicine all act on some 
different constituent and in a different manner. | ; 

If the dose of colchicine be very large, then the effect on plain 
muscle may be so severe as to cause collapse and death from this cause, 
but if the dose be not so excessive the animal is not unduly influenced 
by the alimentary disturbance and death does not ensue until some 
four or five hours later from gradual paralysis of the central nervous 


REMOTE EFFECTS. 


Besides this immediate action of colchicine there is a second action 
which comes on very slowly and is shown as a gradual paralysis of the 
central nervous system. In this respect, as in many others, colchicine 
will be found to bear a close relation to snake poison, and the toxins. 
An animal injected with this drug will remain perfectly well for three 
or four hours, and then gradually pass into a state of narcosis in which 
the reflexes disappear and which js followed by death from vaso-motor 
and respiratory failure. Fig. 4 represents such a condition. A rabbit 
of 1500 grms, was given a subcutaneous injection of 0°02 grm. of 
colchicine: four hours later it had become completely unconscious and 
the reflexes had disappeared. A blood-pressure curve was then taken 
from its carotid artery and a record of its respiration made by strapping 
a tambour to its chest. Fig. 4 B shows the condition five minutes later, 
the respiration is slower, and the blood-pressure has fallen. (C shows a 
still later effect in which the respiration is exceedingly slow, and the 
inspiration very projonged. In spite of the partial asphyxia the blood- 
pressure is falling. D shows the final respirations and death. At £, 
apparently both the heart and respiration had ceased, but adrenalin 
greatly raised the blood-pressure and so improved the circulation that 
the respiration returned for atime. This effect of colchicine is not due 
to a simple depression of the respiratory centre, for in that case it should 
be possible by doing artificial respiration, in such a stage as that repre- 
sented in H, to raise the blood-pressure and generally improve the 
condition of the animal. But artificial respiration causes very little 
improvement in the circulation, and the primary cause of death must be 
looked for in the enormous engorgement of the abdominal vessels. It will 
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be noted in this experiment that death occurs about five hours after the 
first injection. Hf the colchicine be injected directly into the circulation 
of an anssthetised animal death occurs generally in about 4 to 4} hours 


Fig. 4, Babbit, Ether, Four hours previously had received 0°02 grm. of colchicine. 
A shows resp. and 8.-p. 4 hrs. after injection, B 5 mins. later, C 25 mins. later, and 
D shows apparent death 4 hrs. and 40 mins. after injection. Artificial respiration 
produced no improvement but the injection of 1 c.c. 1 in 20,000 adrenalin caused 
the effect shown at EK. Time=secs. 


In Fig. 5 are represented the respiration and blood-pressure of an 
anzsthetised cat. At A the state of the blood-pressure and respiration 
is represented after the brain has been punctured a considerable 
number of times with a blunt needle through a small trephine hole 
made for the purpose. The colchicine was now injected into the circu- 
lation. .B shows the effect four minutes later : respiration is slower but 
deeper, and blood-pressure is raised. C is another representation 
nineteen minutes after injection, the respiration is slow and shallow and 
the blood-pressure is considerably raised as the result of asphyxia. 

At D fifty minutes after injection the blood-pressure is beginning to 
fall, and Z sixty-three minutes after injection, respiration is obviously 
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failing, death being shown at F from vaso-motor paralysis. one hour and 
a minutes after the first injection. This experiment then shows 


Fig. 5. Cat. ace. The brain was punctured in a number of places just before 
8 o'clock. A shows the condition of respiration and 3,-P. at 8 p.m. soon after an 
intravenous injection of 0-08 grm. colchicine. B shows the effect at 3.4, C at 3.19, 
D at 38.50, E at 4.8 and F at 4.20 when death occurs. 


q 


Fig. 6. Cat. ox. 2 cc. of 4%, colehiciné was injected through a tre hole 

directly into the cerebral hemispheres at A. B shor she tet 1} min, tr 
C shows the effect 35 mins. after injection, and D shows death from respiratory 
failure and splanchnic vaso-dilatation 1 hr. after injection. At tke the beginning of 
tracing E, 1 ¢.c. 1 in 10,000 adrenalin was injected into the left jugular vein, are 
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that if the brain be punctured in various positions, colchicine is able to 
act much more rapidly than under normal conditions. It should be 
noted that puncturing the brain in this mafiner in the case of 
anwsthetised animals oe not cause the effect which we ascribe to the 
colchicine. 

A further type of experiment is exemplified in Fig. 6. In idee 
experiments the cat was anwesthetised with chloroform and ether and ¢ a 
small trephine hole made as before; through this hole 2c.c. }°/, col- 
chicine was injected directly into the brain substance (cerebral hemi- 
spheres). The immediate effect of such an experiment (as shown in 
Fig. 6) is to raise blood-pressure and to increase the rapidity and depth of 
respiration. 14 minutes later (shown in B) the respiration has become 
very irregular and rapid, and blood-pressure has fallen. Thirty-five 
minutes after injection vaso-motor paralysis is evident, respiration is 
obviously failing, and the blood-pressure is very low, this is seen at C; 
D shows the death of the animal from vaso-motor and respiratory failure 
one hour after injection. The respiration is completely paralysed, and 
cannot be recovered, although the vaso-motor system still responds to 
an injection of adrenalin as at E#; the circulation never recovers by 
artificial respiration alone. 

Colchicine in its action on the central nervous system would seem 
then to present some analogy with the toxins. The neurones are 
protected from the poison, at all events for a tinte, by the walls of the 
blood vessels and lymph spaces, and if it is desired to allow the drug to 
act quickly either it mist be injected directly into the brain or it must 
be injected in the ordinary way and lesions made in the cerebral 
substance by. means of sowe body such as a needle. In the case of 
tetanus.toxin we know that it is the motor nerve fibres which provide 
the mdéde of access of the toxin to the central nervous system, and the 
incubation period is occupied by the carriage of the toxin ‘along the 
motor nerves to the centre. We have not been able to prove that 
colchicine is absorbed into the nerve centres in a similar way to tetanus 
toxin; our experiments are not conclusive, but we nevertheless regard it 
as not unlikely that some -_ process of sate teas occurs in the case 
of colchicine. 


THE ACTION OF COLCHICINE ON THE BLOOD. 
- Colchicine we have found exerts a profound effect on the blood and 


bone-marrow, and this effect is therefore dealt with in some detail. Our 
experiments: have been made on rabbits, rats, dogs, and in a few cases 
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upon men, and the drug has been administered usually by suboutaneous 


a Method. In the rabbit the blood was collected from the marginal 
vein of the ear, and in the dog also in the ear from one of the small 
veins. Leucocyte counts were made with the Thoma-Zeiss instrument, 
and blood films were prepared on’ cover slips, and stained usually by 
Jenner's method. Preparations of bone-marrow were made from the 
freshly killed animal, either in the case of sections from the ends of the 
femur or in the case of smear preparations from the femur. or ribs, 
Bone-marrow for cutting was hardened either in alcohol or perchloride 
of mercury, embedded in paraffin, and stained with hematoxylin and 


Experiment I shows a typical effect caused by injecting colchicine 
into a normal rabbit. 
Expr. I. Rabbit. Wt.=2100 grms. Injected at 10 a.m. subcutaneously with | .c. 
Number of leucocytes 
Time | per c.mm. 
10 a.m. - 5400 
10,50 8370 
11.35 1870 
12.5 p.m. 2810 
1.0 4700 
7500 
4,40 18700 
5.20 23100 animal killed and tissues hardened. 


In this experiment a rapid fall in the number of the leucocytes 
follows the injection. This hypoleucocytosis obtains from one to three 
hours according to the amount of drug administered, and is always 
followed as in this experiment by an increase in the leucocytes till 
@ maximum hyperleucocytosis is established in from 10 to 24 hours after 
injection, After about 36 hours the leucocytes gradually diminish in 
numbers and reach their normal in about 48 hours.. In appropriate 
doses the animal suffers no discomfort, and remains perfectly well during 
the whole experiment, Smaller doses gave similar but less marked 
results, 

The next experiments were undertaken to determine the manner in 
which the different varieties of leucocytes react to colchicine, and the 
numerical relationship which they bear to each other. This is shown 
typically in the following experiments (II and III), also on the rabbit. 

But betore giving the details of these experiments the differential 
count of the blood of normal rabbits must be noted; the following 
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Lymphocytes 50—55 ‘ 
Large 3—4 
Polymorphonucl 40—50 
Eosinophils less than 1 
Basophils ... 38—5 
Expr. Il. Rabbit, Wt.- 2050 grms. Injected subcut ly with 0-01 grm. colchicine. 
Normal 1 hr. after 2} brs, 24 hrs. 
blood injection after after 
Total leucocytes ote ous 8125 3750 2031 16300 
Lymphocytes and mast cells ... 42 °/, 91%, 90 °/, 21 %, 
Exp, III. Rabbit, Wt.=2250 grms, Injected subcutaneously with 0-01 grm. colchicine. 
Normal 8 hrs. after 21 hrs. 
blood injection after 
Polymorphonuclear and eosinophil cells 54%), 17%, 82%, 
Lymphocytes and mast cells... 83 °/, 18 °/, 


It is evident from a number of such experiments that the stage of 
hypoleucocytosis is caused almost entirely by a diminution in the 
number of the polymorphonuclear leucocytes, the decrease in the 
lymphocytes being relatively insignificant. Three hours after injection, 
in most experiments, the leucocytes in the peripheral circulation had 
nearly reached the normal numbers, and this increase was due chiefly 
to the lymphocytes, although there was some small recovery in the poly- 
morphonuclear variety. The lymphocytes decrease a little during the 
stage of leucopzenia and later increase, but throughout they are less 
affected than the other leucocytes. Four hours after injection the 
total leucocytes in the circulation are greater than the normal, and 
eight or ten hours after the number has increased generally to 18,000 
or 20,000 per c.mm., chiefly owing to lymphocytes which may now 
represent 75°/, of the total white cells, This lymphocytosis gradually 
disappears and yet the total number of leucocytes in the circulation 
keeps up and even increases. Eighteen to twenty-four hours after in- 
jection the leucocytosis reaches its maximum, and this is now found to 
be due almost entirely to an increase in the polymorphonuclear variety. 
Colchicine leucocytosis in the rabbit is, at first, then due to lymphocy- 
tosis and later, and for a much longer period, to the polymorphonuclear 
variety (see Fig. 7). 

- After such large doses of colchicine as these (0°01 grm.), abnormal 
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cells are present in the blood. Normoblasts are invariably found; one 
or two are usually found in the “hypo” stage, but their numbers 
gradually increase: thus in Exp. II, 2} hours after the injection, 
twelve normoblasts were observed in a count of three hundred leuco- 
cytes. Neutrophil myelocytes are present in the “hyper” stages. In 
Exp. III they were first seen three hours after injection and their 


25 


Fig. 7. Diagrammatic representation of differential leucocyte count in the rabbit: (see 
_ text). Ordinate=number of leucocytes in thousands. Abscissa=time. The black 
re. line represents the total number of leucocytes per c.mm. in the peripheral circulation : 
_ the dotted line represents lymphocytes, and the interrupted line granulated cells. 


numbers gradually increased with the hyperleucocytosis. In the hypo _ 
and early hyper stages many of the polymorphonuclear corpuscles were 
found ruptured: their nuclei appeared to be swollen, did not take the 
aniline dyes properly, and their granules were extruded. This effect was 
constantly noted in all experiments in which large. doses of colchicine 
were given. This condition of the leucocytes may be due either to the 
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poisonous action of the drug on the cells, or to a large increase of im- 


mature cells turned out from the bone-marrow, and which are less able 
to withstand pressure than the normal leucocytes. We do not think 
that the former view can be entertained, because isolated polymor- 
phonuclear leucocytes in Ringer’s solution are not affected in this 
way by the addition of colchicine in amounts that might be present in 
an animal’s blood after it had received a subcutaneous injection of a 
drug. The cells under discussion bear a very close resemblance to the 
immature leucocytes of the bone-marrow ; this is seen especially in the 
character of the ruptured cells, which both in appearance and staining 
properties resemble those of an immature cell. Moreover, we do not 
regard the rupture of cells and extrusion of the granules as being caused 
by faulty preparation of the specimens, for exactly similar effects may 

~ be obtained in the preparation of bone-marrow smears, and furthermore 
it sometimes happens that free granules are found in the blood. On 
the whole then the evidence points to these leucocytes being immature 
cells from the bone-marrow and not the normal cell of the blood altered 
by the toxic action of the colchicine. — 


Expr. IV. Rabbit. Wt.=1800 grms. Injected subeutancously with 0-02 grm, colchi 
- ¢ine in normal saline solution at 1.5 p.m. 


1 pm. 1,80 5.0 9.15 

Total leucocytes per c.mm. 8850. 4600 6700 9650 20,000 
Eosinophil 1 1 1 05 1 

Pulymorphon 87 16 50 36 16 

Large mononuclears 10 4 7 4°5 —«8B8 
Lymphocytes 75 82 4 
Mast... 7 4 6°5 1 
Myelocytes 3 75 
Normoblasts a 5 4 8 40 
* 

* A few ruptured p honucl t Raptor much 


t gah all polymorphonuclears are ruptured. 


Exp. IV (Fig. 7) shows a more complete differential count taken at 
various periods after a very large dose of colchicive. It is remark- 
able in this experiment that four hours after injection the myelocytes 
formed 75°/, of the total leucocytes in the general circulation, whilst 
8} hours after ‘injection, in a count of 300 leucocytes, forty normoblasts 
and one megaloblast were seen. Moreover eight hours after injection 
very few normal polymorphonuclear leucocytes could be found, they 
were nearly all of the immature bone-marrow type and ruptured. The 
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very large dose of colchicine administéred in this experiment has greatly 
delayed the onset of polymorphonueléar leucocytosis, and the large in- 
crease of cells at this time (8 hours after) is entirely due to lymphocytes, 
although 24 hours after injection (see Fig. 7) the leucocytosis is of the 
polymorphonuclear variety. There can be no doubt from this and other 
experiments that colchicine in these large doses is a powerful poison 
to certain forms of leucocytes. It tends, at first, to force all leucocytes 
from the peripheral circulation, but soon the more hardy lymphocytes 
are attracted back in increasing numbers, the process being facilitated, 
no doubt, by the contracted condition of the spleen and lymphatic 
glands and at a time when the circulation is still unfit for their more 
delicate fellows the polymorphonuclear variety. As the action of the 
colchicine still further passes off and relaxation of plain muscle, including 
that of the spleen and lymphatic glands, occurs, the attraction for the 
lymphocytes ceases, and they leave the free circulation. It is at this 
time, when the lymphoeytes are passing out from the circulation, that 
the attraction for the polymorphonuclear cells becomes so evident. 
They collect in the general circulation in ever increasing numbers 
and are associated with myelocytes, normoblasts, and occasional mega- 
loblasts, Indeed at thia stage every element of the bone-marrow 
may be represented in the general circulation. Many of these cells, 
which we have classified as polymorphonuclears, and in which the 
nuclei were not fully divided, were clearly in a transitional stage 
from myelocytes: several of them were larger than normal and oval in | 
shape, and the granules were collected at one pole and not uniformly 
distributed as in the adult leucocyté. 

The blood picture at the point of maximum hyperleucocytosis is 
strongly suggestive of some powerful influence exerted by the drug on 
the bone-marrow whereby its elements are swept out into the general 
circulation, This action may be one either directly on the bone- 
marrow of a positive chemiotactic nature or of some disturbance of the 
regulating mechanism of the hematopoetic organs which normally 
prevent the passage into the blood stream of immature elements. 
- Whichever of these views be correct the fact remains that at this 
period the blood of the general circulation contains every variety of 
cell in every stage of development, which is usually present only in the 
bone-marrow (Figs. 8 and 9), This action of colchicine is not confined 
to the leucoblastic cells, but also affects the erythroblastic as megalo- 
blasts, normoblasts, free nuclei and megalocytes are all found and may 
be present in considerable numbers, Much polychromasia is always 
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found in these cases: the significance of this is not understood, but 
it is generally regarded as. being due to degeneration of the cytoplasm. 
It. may be caused either by the toxic effect of the drug acting directly 
on the corpuscles or to the fact that imperfectly developed and therefore 
rapidly degenerating elements are hurried into the circulation. Poly- 
chromasia usually persists long after all other signs of abnormality have 
disappeared from the circulating blood. 


- hours after injection. This field shows four myelocytes (my) and two nucleated 
red cells (ha). Jenner’s stain. 


Fig. 9. Represents a bone-marrow smear from the femur of the same rabbit (see 

Exp. V) on the following day. Similar cells are seen to those in Fig. 8. (Staining in 

every detail was as in Fig. 8.) The types of all the cells seen in this preparation have 
their counterpart in Fig. 8. 


As rabbits are particularly susceptible, as regards changes in their 
leucocytes, to almost all foreign substances, similar experiments were 
repeated on other animals, namely on the rat, the dog, and on man. 
In all these experiments injections of colchicine exert the same type of 
action on the blood.. Rabbits are remarkably tolerant to colchicine 
relatively to the body weight as compared with other animals. The 
comparatively large dose which must be given to rabbits to induce 
leucocytosis is, no doubt, as will be shown later, responsible for the 
differences which obtain between them and other animals. 

In Exp. V the effects on the leucocytes are of the same character as 
those observed in the rabbit, but are spread over a longer period. The 
dog and all carnivorous animals, including man, are much more susceptible 
to colchicine than herbivorous, such as the rabbit. Hence in the case 
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of tle dog it is necessary to inject only one-tenth the dosé pet 
kilogramme body weight as compared with the rabbit. One reason for 
this is no doubt due to the depressant. efféct of colchicine on the higher 
cerebral centres. So far as our experiments go they suggest that the 
toxicity.in different animals varies according to the degree of develpp- 
ment of the cerebral hemispheres. That-is to say, the dose of colchicine — 
for any animal may be gauged by determining the relationship between 
the body weight and weight of its cerebrum. | 

Exp. V. Dog. Weight 3650 grms. was injected subcutaneously with 1-25 c.c. of 01°), 
of colchicine dissolved in normal saline solution (Fig. 10). 

SS 


after 

Total leucocytes 12,920 6,600 15,480 24,200 27,920 19,680 10,800 
Eosinophil 8 Io 5% 1%, 1%, 1% 1% 
Polymorphonuclear 45 48 62 79 78 68 56 
Large mononuclear 17 16 15 4 6 16 25 
Lymphocytes 380 25 15 9 13 14 18 
Myelocytes 2 2 land 
Transitional cells — 4 2 7 2 1 _ 
No, of nucleated red 

celle in a count ot} 24 12 2 

300 leucocytes t t 8 


* Animal disinclined to move. Diarrhwa, Blood shows a few ruptured cells and 
+ Some remarkably large myelocytes observed. One megaloblast. Diarrhea better, 
but still declines food. | 
t Slight diarrhea, Taking food well. 
§ Animal quite well. No abnormal cells. 


The stage of hypoleucocytosis is prolonged for nearly four hours in 
the dog, whilst the stage of hyperleucocytosis does not reach its maximum 
until 48 hours after the injection, and the blood does not return to 
normal for yet another 48 hours. A further pronounced difference 
between the dog and. rabbit is the fact that in the former the 
polymorphonuclear leucocytes are the variety which shows the marked 
changes throughout. The lymphocytes exhibit relatively insignificant 
variations in number, so that the total leucocyte curve is almost, co- 
incident with that of the polymorphonuclear corpuscles. This difference 
is apparent rather than real. In the rabbit the number of lymphocytes, 
at first, increases considerably,.so that after eight or nine hours the 
increase of white blood corpuscles is largely due to lymphocytosis. But 
after 18 or 24 hours these corpuscles have returned to their normal 
numbers, whilst the polymorphonuclears have enormously increased in 
numbers, and it is this stage which represents the stage of hyperleuco- 
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cytosis in the dog. The difference between the two animals is due 
entirely to the early lymphocytosis which occurs in the rabbit and not 
in the dog. The cause of this difference may be simply explained. We 
have already pointed out that colchicine has two actions; the one 
immediate, due to stimulation of nerve-endings, and this is the same in 
all mammals, and varies with the dose: the other developing slowly, 


| 


Fig. 10. Diagrammatic representation of leucocytes in the dog (see Exp. V). Ordi- 
nate= number of leucocytes per c.mm. in thousands. Abscissa=time. The curves are 
as in Fig. 7. 


and animals vary in susceptibility to this action according to the degree 
of development of the cerebrum. To produce the same degree of 
poisonous action in the dog as in the rabbit it is necessary to inject only 
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about one-tenth of the dose: and as this dose would have comparatively 

little effect on nerve-endings, so there would be relatively little tendency 

to contraction of the spleen and lymphatic glands, and the immediate 

production of lymphocytosis. Moreover, if the rabbit be injected with 

much smaller doses of colchicine than those we have described, 

lymphocytosis is relatively less and polymorpho-leucocytosis relatively 

more marked. Still more important is the fact that the lymphocytes 

are a much hardier type of cell than the polymorphonuclear and they 

may be attracted into the general circulation when colchicine is present 

in an amount which would be quite prohibitive to the presence of the 

polymorphonuclear variety. 7 

In the dog as in the rabbit abnormal cells appear during the 

hypoleucocytosis stage and continue to be present for two or three days. 

Normoblasts are invariably present, but not in such relatively large 

numbers as in the rabbit, The abnormal leucocytes consist of neutrophil 

myelocytes, and transitional cells, the latter at the end of 48 hours 
representing 7 per cent. of all leucocytes. | 

Several of the cells appear to bave swollen nuclei, which take the 

aniline dye badly and some of the cells are ruptured; these changes 
are however not so prevalent as in the rabbit. Many of the red 
corpuscles show a considerable amount of polychromasia. Injections of 
colchicine into men cause a similar type of leucocytosis to that found in 


the dog. 


The effect of atropine in controlling lymphocytosis, 

It has been shown that any cause which brings about contraction of 
the plain muscle in the spleen and lymphatic glands produces an almost 
immediate lymphocytosis'. The injection of atropine into an animal by 
depressing or paralysing some constituent of the “ nerve-ending” going 
to this muscle for a time eliminates the lymphocytosis. Thus pilocarpine 
induces no lymphocytosis after atropine, though the nerve is not 
necessarily paralysed to electrical excitation. In the case of the rabbit 
which is very tolerant to atropine, largely on account of the fact that it 
excretes the alkaloid so rapidly, the influence of the drug is only 
temporary. 


1 Harvey, Journ. Physiol, xxxv. 115. 1906. 
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Exr. VI. Rabbit. Weight 1900 grms. Injected subcutaneously with 1 ¢.c. of a 0-5 dF 
solution atropine sulphate. This injection followed immediately by an injection of 1°5 0.0. 
of a 0-5 °/, solution of colchicine. 


}hoursfter lhour hours Ghours Whours 24 hours 
after after after _—_ after after 


Normal injection 
Total leucocytes 8,800 1,040 3,320 7,920 14,720 22,640 13,720 
Eosinophil 15% 1% O% O% 1% 2% 
Polymorphonuclear 40°5 28 9% 38 82 84 40 
Large mononuclear 75 3 4 2 2 15 
Lymphocytes 47°5 62 71 54 63 57 87 
Mast 6 8 8 1 
1 2 45 20 

Nucleated reds observed 

when counting 300 — 4 14 8 

cocytes t § 


* Many ruptured polymorphonuclear cells. 
+ Considerable polychromasia. 


+ Many horse-shoe nuclei in amphophil cells. These cells are swollen and in many 
cases have the granules extended. 


§ Many ruptured polymorphonuclear cells. Much polychromasia. 
25 
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Fig. 11. Differential count of leucocytes in the rabbit after an injection of 
colchicine and atropine (see Exp. VI). Curves as in Fig. 7. ‘ 
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about one-tenth of the dose: and as this dose would have comparatively 
little effect on nerve-endings, so there would be relatively little tendency 
to contraction of the spleen and lymphatic glands, and the immediate 
production of lymphocytosis. Moreover, if the rabbit be injected with 
much smaller doses of colchicine than those we have described, 
lymphocytosis is relatively less and polymorpho-leucocytosis relatively 
more marked. Still more important is the fact that the lymphocytes 
are a much hardier type of cell than the polymorphonuclear and they 
may be attracted into the general circulation when colchicine is present 
in an amount which would be quite prohibitive to the presence of the 
polymorphonuclear variety. 

In the dog as in the rabbit abnormal cells appear during the 
hypoleucocytosis stage and continue to be present for two or three days. 
Normoblasts are invariably present, but not in such relatively large 
numbers as in the rabbit. The abnormal leucocytes consist of neutrophil 
myelocytes, and transitional cells, the latter at the end of 48 hours 
representing 7 per cent. of all leucocytes. 

Several of the cells appear to have swollen nuclei, which take the 
aniline dye badly and some of the cells are ruptured; these changes 
are however not so prevalent as in the rabbit. Many of the red 
corpuscles show a considerable amount of polychromasia. Injections of 
colchicine into men cause a similar type of leucocytosis to that found in 


the dog. 


The effect of atropine in controlling lymphocytosis. 

It has been shown that any cause which brings about contraction of 
the plain muscle in the spleen and lymphatic glands produces an almost 
immediate lymphocytosis'. The injection of atropine into an animal by 
depressing or paralysing some constituent of the “ nerve-ending” going 
to this muscle for a time eliminates the lymphocytosis. Thus pilocarpine 
induces no lymphocytosis after atropine, though the nerve is not 
necessarily paralysed to electrical excitation. In the case of the rabbit 
which is very tolerant to atropine, largely on account of the fact that it 
excretes the alkaloid so rapidly, the influence of the drug is only 
temporary. 


1 Harvey, Journ. Physiol, xxxv. 115. 1906. 
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Exr. VI. Rabbit. Weight 1900 grms. Injected subcutaneously with 1 ¢.c. of a 05 */, 
solution atropine sulphate. This injection followed immediately by ap injection of 1-5 ¢.c. 


of a 0-5 */, solution of colchicine. 


Total leucocytes 8,300 1,040 3,320 
Eosinophil 16% 05%, 
Polymorphonaclear 40°5 28 22 
Large mononuclear 756 3 
Lymphocytes 475 62 71 
Mast 3 6 3 
Myeloeytes - - 
Nueleated reds observed 
when counting 300 leu-- — 
cocytes 

* Many ruptured polymorphonuciear cells. 

+ Considerable polyechromasia. 


7,920 


*| 


thourafter i hour hours Chours Mhours hours 
injection after after after after 


14,720 22,640 13,720 


0% 1%, 2% 
34 40 


+ Many horse-shoe nuclei in amphophil cells. These cells are swollen and in many 


eases have the granules extended. 


§ Many ruptured polymorphonuclear cells. Much polychromasia. 


25 


Fig. 11. Differential count af lbuoveytes in the mdint after an injeemon of 
colchicine and (pee ax im Fig. 
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The results of this experiment closely resemble those in Exps. I 
and II. The stage of hypoleucocytosis reaches the minimum about 
one hour after injection, when all leucocytes show a marked diminution 
in numbers, but especially the polymorphonuclear variety. Very 
considerable hyperleucocytosis is reached nine hours after injection, and, 
as usual at this time in the rabbit, the lymphocytes are increased in 
greater proportion than the other varieties. Twenty-four hours after 
injection the leucocytes had fallen from 23,000 to 13,000 entirely as a 
result of diminution in lymphocytes, as the polymorphonuclear variety 
had increased. The abnormal cells found in this experiment are similar 
to those seen in Exps. I and If. The period of polymorphonuclear 
leucocytosis is not recorded in this experiment, but it was present from 
the 12th to the 24th hour after injection. 

This experiment might seem at first sight to show that this 
lymphocytosis was not due to mechanical squeezing of the spleen and 
lymphatic glands. But this argument is untenable because of the 
rapidity with which the action of atropine passes off in the case of the 
rabbit. Whilst admitting, then, that colchicine excites the spleen, and 
so tends to get rid of its cells by mechanical squeezing, and that early 
lymphocytosis may be due to this cause, yet the late lymphocytosis 


which occurs about six hours after injection, can hardly be so caused. 


Colchicine exerts its action on plain muscle immediately and it is only 
late that the marked lymphocytosis occurs. So that this late 
lymphocytosis can be regarded as a change similar in nature to that 
which affects the polymorphonuclear cells. It has been pointed out 
already that the lymphocytes are hardier towards poisons than the 
polymorphonuclear cells. Thus it is possible that one percentage of 
drug may act positively to lymphocytes and negatively to other blood 
cells. If to this fact it is remembered that the dose of colchicine for a 
rabbit is ten times that for a dog, we obtain an explanation of the 
considerable lymphocytosis during the first eight hours after injection 
in the former animal and of polymorpho-leucocytosis in the latter. 


THE EFFECT OF SMALL REPEATED DOSES OF COLCHICINE. 


Further experiments were conducted to determine the effect of small 
doses of colchicine when repeated over several weeks; the results of 
these are seen in Exps. VII and VIII in the case of the rabbit, but the 
main features have been repeated on the rat. 
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The animalsin Exps. VII and VIII showed no ill effects as the result 
of the colchicine, and they gained weight during the period of experi- 
mentation almost at the same rate as the control animals. It will be 
noticed that on May 4th the blood in Exp. VIII contained 6°5 */, of 
myelocytes and transitionals, and many immature and often ruptured 
polymorphonuclear cells (see Fig. 12). The red cells showed in 
many cases basophil granulations, and polychromasia: whilst counting 
three hundred leucocytes six normoblasts were observed. On the 
twenty-first day this animal was killed and preparations of bone-marrow 
were taken from the ribs and femur. 


Fig.12. Represents a blood smear from the rabbit used in Exp. VII. It was taken on the 
fourth of May and shows the abnormal polymorphonuclear cells which were present 
in large numbers. These cells are transitional from myelocytes to the normal poly- 
morphonuelear variety (my). One basophil cell (b) only is present in this field though 
these cells were subsequently greatly increased in numbers. 1 is the nucleus of a red 
cell and p cells showing polychromasia. rc=red corpuscles, am =amphophil cell. 


During the whole period of Exp. VII the animal appeared in perfect 
health, and the leucocytes remained steady, the maximum number in 
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the circulation never exceeding 14,000 and the minimum never showing 
below 7500 perc.mm. The ratio of polymorphonuclear cells to lympho- 
cytes also remained fairly constant. The most noticeable feature in the 
differential count from these two experiments is the large increase in the 
number of mast cells: they increased from 2 °/, in the normal blood to a 
maximum of 35°/,, and at no period during the experiment did they 
fall below 14°/,.. This effect is a constant feature although we are 
ignorant of its significance. If the rat be treated with small doses of 
colchicine the large basophil cells normally found only in the peritoneal 
cavity become more or less plentiful in the blood. 

Abnormal cells were occasionally, though not commonly, found in the 
blood in these two animals. Thus, a myelocyte now and then and a few 
normoblasts were seen. A considerable amount of polychromasia and 
red corpuscles with basophil granulations were generally present. 


Figs. 13 and 14 are representations of sections of the bone-marrow from the femurs of 
two rabbits, respectively, taken from the same litter. Their weights were 1500 and 
1250 grms. Fig. 13 was made 12 hours after an injection of 5 m. grms. colchicine and 
Fig. 14 one hour after a similar injection. All details as to hardening, cutting and 
staining, were identical in the two cases. (Eosin and methylene blue.) 


BONE-MARROW CHANGES. 


Sections have been made on the bone-marrow of rabbits under 
various conditions of leucocytosis. Figs. 13 and 14 show sections of 
the bone-marrow taken from the femurs of two rabbits from the same 
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litter. The sections were prepared, cut, and treated in the same way in 
every detail, except that in Fig. 14 the animal was killed one hour after an 
injection of O-5e.c. of 1 °/, colchicine at. time when the leucocytes had 
diminished in the circulation from 10,000 per c.mm. to 1800: whilst in the 
other (Fig. 13) the sections were made twelve hours after a similar injection 
of colchicine when the leucocytes had increased from 10,000 per c.mm. to 
19,000 perc.mm. In the latter case the marrow appears to be largely 
denuded of marrow cells, whilst in the former the section is teeming with 
them. Sections obtained from normal animals also from the same litter 
showed a condition as regards the number of cells intermediate between 
these two but bearing a much closer resemblance to Fig..14 than to 


Fig. 13. 


Exe. VIII. Rabbit, 9 weeks old. Weight 730 grms. Injected subcutaneously with 
0-0005 grm. colchicine on April 15th, 18th, 20th, 22nd, and with 0-001 grm. colchicine on 
April 24th, 26th, 29th, May 4th, and May 6th. The weight on April 24th, was 808 grms. 
and on May 4th, 840 grms. Lencocyte counts were made immediately before the 
injections. 


Normal blood 


Date... before treatment April 29 May 4 May 9 
Total leucocytes 10,300 11,200 _ 8,080 
Eosinophil 0°5 0% 1% 
Polymorphonuclear 35 60 71 ) 
Large mononuclear 8 10°5 2 10 
Lymphocytes 53 22 16 46 
Mast 3 6 45 22 
Myelocytes 0 1 6-5 

* + t 


* Some polychromasia swelling and occasional bursting of the polymorphonuclear cells 
of an immature type. Occasional nucleated red cells seen. 

+ Polychromasia marked. Some basophil reds, 6 nucleated reds seen in a count of 

t No abnormal cells observed. 


The disappearance of leucocytes in the stage of leucopenia following 

on the injection of toxins is generally attributed to their migration into 
the pulmonary, and possibly liver capillaries, although Léwit and others 

. have suggested that their disappearance may be due partly to destruc- 
tion. The lungs undoubtedly harbour some of these leucocytes after 
injections of colchicine ; we have satisfied ourselves as to the increased 
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numbers of leucocytes in the pulmonary capillaries in the case of animals 
killed during the stage of leucopznia. We believe however that some 
of these leucocytes aré driven back into the bone-marrow and the 
sections which we have reproduced in Figs. 13 and 14 are evidence of 
this. In view of the reputed toxic action of colchicine on undifferentiated 
protoplasm we at first thought it possible that the leucopenia might 
be the result of a mechanical sifting out of swollen and cohesive leucocytes 
by the capillary endothelium; but this is not the case since we have 
shown already that these altered leucocytes are in all probability 
immature cells from the bone-marrow. Moreover, as we have already 
pointed out, colchicine has no such direct action on the leucocytes. So 
that we are forced to the conclusion that the leucocytes are sent out of 
the circulation by some chemical influence. In the later stages evidence 
is conclusive that colchicine is a powerful stimulant to the bone-marrow, 
since it turns out into the circulation all the elements including the 
erythroblasts, and leaves the marrow relatively denuded of corpuscles. 
After treating an animal with colchicine over a prolonged period 
certain definite changes are evident in the bone-marrow. The marrow 
cells increase in numbers and become more conspicuous, whilst the fat 
cells tend to disappear. The increase in the marrow cells is noticeable 
in the ease of the finely granular oxyphil cells, and in the basophil cells, 
but especially in the latter. These cells show plentiful mitotic figures 
and appear to be undergoing multiplication. Not only then does 
colchicine in large doses empty the marrow, but in small doses it acts as 
a marrow stimulant and encourages the development of marrow cells. 
Very large doses of colchicine undoubtedly produce destruction of all 
the elements of the blood, and we have already drawn attention to this 
fact as regards the polymorphonuclear cells. But the red blood 
corpuscles are also to some extent destroyed and blood serum obtained 
from an animal after a large dose of colchicine will be found to be 
tinged pink as the result. of hemolysis and the liberation of free 
hzemoglobin. 


EFFECT ON BLOOD COAGULATION, TEMPERATURE, ETC. 


Two other effects of colchicine require mention. The first of these | 
is the time taken for the blood clotting. Coleman’ at our suggestion 


1 Journ, Biochem. us. p. 184. 1907. 
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has investigated this point, and finds in the rabbit after a toxic dose of 
colchicine that the time taken for coagulation under constant conditions 
increases synchronously with the leucocytosis,*"and twelve hours after 
injection may be prolonged to four or five times the normal period. The 
curve of temperature also follows that of leucocytosis. The initial 
leucopenia is associated with a drop in the temperature, but as the 
leucocytes increase the temperature rises, ultimately reaching a point 
two to three degrees Cent. above the normal (Fig. 15). 
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Fig. 15. Rabbit, 1870 grms. Injected subcutaneously 0-002 grm. colchicine. Shows the 
effect on blood-coagulation, leucocytes and temperature. Ordinates represent time of 
clotting of the blood, number of leucocytes per c.mm. of blood and rectal temperature 
respectively. Abscissa = time. 


From the general description of the action of colchicine it will 
readily be seen how close are the resemblances in its action to those of 
the toxins. Its effect upon the central nervous system is very similar 
to that of cobra poisoning; its delay in absorption presents analogies 
with that of tetanus toxin, and its general effect on the blood shows 
a close similarity to the effect obtained by the injection of cobra and 
other toxins. If it be possible, then, for drugs to produce anti-body 
formation this would seem to be the drug. Attempts were made there- 
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fore to detect such anti-bodies in the serum of animals which had been 
previously dosed with the drug. For this purpose the precipitin test 
was employed : it was tried in the case of three rabbits but the result in 
each was negative. From the knowledge which we have recently 
accumulated concerning tolerance of drugs this is what would be 
expected, For it has been shown in this Laboratory that in the case of 
nicotine and morphine, tolerance is but the capacity of the tissues for 
destruction of the poison, and the animal whose tisst.es can most readily 
destroy the alkaloid is the most tolerant. 


CONCLUSIONS. 


1, Colchicine excites “nerve-endings” to plain muscle, like mus- 
carine, but has little or no action on nerve-endings in the heart or in 
glands. 

2. Pilocarpine, physostigmine and colchicine act on different 
constituents of the “nerve-ending.” 

8. Colchicine even in enormous doses is a slow poison and requires 
from three to six hours to cause death in carnivora: increasing the dose 
does not appreciably alter this time. Colchicine acts more slowly in 
herbivora than carnivora. 

4. Delay in poisoning is due to slow absorption into the central 
nervous tissues (cf. tetanus toxin). 


5. Death is caused by vaso-motor paralysis. 


6. Injections of colchicine cause after transient leucopenia great 
leucocytosis in the rabbit, rat, dog, and man. In carnivorous animals 
this is due to increase in the number of polymorphonuclear cells ; in 
herbivorous animals there is first lymphocytosis, succeeded later by 
leucocytosis of the granular cells. 


7. After a large dose of colchicine all the normal elements of the 
bone-marrow are found in the general circulation. A large number 
of immature polymorphonuclear cells can be observed. Plentiful 
myelocytes and erythroblasts may also be seen.  ¥~ 


8. During the stage of maximum leucocytosis sections of the bone- 
marrow show a distinct diminution in marrow cells as compared with 
sections from normal animals; conversely, during the stage of leucopenia 
marrow cells seem to be increased in numbers. 
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9. Repeated small injections of colchicine cause considerable 
increase in the basophil cells without directly affecting the other 
leucocytes. Sections or smears of the bone-marrow from animals so 
treated exhibit proliferation of the marrow cells: plentiful mitotic forms 
can occasionally be observed. 


10. After injections of colchicine, plotted curves representing 
number of leucocytes, temperature, and time of coagulation, exhibit a 
general parallelism. Tolerance to colchicine is not caused by anti-body 
formation. 


The expenses of this research were defrayed by a grant from the Royal Society. 
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THE EFFECT OF EXCESS OF CARBON DIOXIDE AND 
OF WANT OF OXYGEN UPON THE RESPIRATION 
AND THE CIRCULATION. By LEONARD HILL ann 
MARTIN FLACK. 


(From the Physiological Laboratory of the London Hospital 
Medical College.) 


Historicat INTRODUCTION. 


Paul Bert in his classical researches published in La Pression 
Barométrique” found that death occurred in a closed space, the oxygen 
supply being ample, when the partial pressure of CO, rose to 30°/, in 
the case of mammals, to 24—28 °/, in the case of birds, to 134—17 °/, in 
that of reptiles. Bert also determined that the percentage volume of 
CO,, during the respiration of air containing 30—40°/,, might rise to 
120 in venous blood, to 116 in arterial, and to 40 in the tissue fluids ; 
10—15 being the normal amount in the last (dog). When the arterial 
blood contained as much as 80—90°/, the animal was completely 
anssthetic, the blood-pressure high, the heart beat frequent, but life 
was not endangered. The animal quickly recovered on breathing air, 
consciousness being speedily regained. 

This anzsthetic effect of carbon dioxide has been confirmed by 
several workers, and its employment in combination with oxygen as 
a useful anssthetic-has been advocated (Gréhant, Benedicenti, etc.). 

As is well known pure CO, is an irrespirable gas, and like other 
irrespirable gases, such as the halogens and their H compounds, and 
ammonia, etc., it produces spasm of the glottis. 

The spasm is a reflex effect (the Holmgren-Kratschmer reflex) 
depending upon the excitation of the nasal mucous membrane and upon 
the integrity of the fifth nerve. Kratschmer showed that, after 
section of both fifth nerves, the closure of the glottis no longer occurred 
when these gases were inhaled or blown into the nose. 
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Zagari”™ has made observations upon the effect of the inhalation of 
CO, through a tracheal cannula, and concluded that the central effect 
produced by such an inhalation is preceded by a reflex one, resulting in 
inspiratory spasm of the diaphragm. The trigeminal excitation he says 
produces an expiratory reflex. Zagari found that the reflex was from 
' the main bronchi rather than from the bronchioles. The bronchial 
muscles can be excited to contract by small doses of CO, (4°/,). This 
contraction disappears upon section of the vagi; Einthoven, however, 
attributes it to a central effect. 

Trying for us the effect of inhalation of a high percentage of CO, M. 
Greenwood found that he was unable to breathe the following: pure 
CO,; 6461 CO,, 8°65 O,; 38'°24CO,, 9°11 0,; but that he was able to 
breathe without spasm of the glottis a mixture of 15°3 CO,, 1447 O,, 
although marked evidence of dyspnea attended the effort. We have 
noticed also that mixtures containing about 20°/, CO, bring about 
partial closure of the glottis so that a peculiar whooping sound is 
produced with each attempt at inspiration. 

Haldane and Lorrain Smith® found on breathing air containing 
18°6 */, CO, that in one to two minutes there resulted profound dyspnoea 
attended by great discomfort, throbbing in the head, mental dullness 
and cyanosis. Speck says that the first breath of 11°5*/, CO, was 
unpleasant and that disagreeable sensations with dimness of vision 
quickly resulted. Speck says also that increasing the percentage of 
CO, in the inbreathed air from ‘95 to 11°61 produced a nearly five-fold 
ventilation of the lungs (from 7-0 litres to 32°5 litres per minute); at 
the same time the number of respirations was trebled and the depth of 
breathing doubled. At 7°*/, there was as much CO, in the inhaled as in 
the exhaled air, and at 11°/, there was more CO, in the inhaled than 
in the exhaled, thereby showing that not only no CO, was being given 
out but some of the inspired CO, was being retained in the body. 
Loewy and Zuntz™ observing the ventilation to be 646 litres per 
minute when pure air was breathed found that, on adding CO, to the 
inspired air until the expired contained 5°28°/,, the ventilation rose to 
13°44 litres per minute and to 19°45 litres when the CO, in the expired 
air reached 6°66°/,. These authors also obtained similar results from 
rabbits showing the effect of CO, upon the ventilation of the lungs. 

The greatest effect in increasing the volume occurred with 15 1500,, . 
the higher percentages diminishing the same by producing narcosis. 

Loewy" suggests that the inhalation of a known percentage of CO, 
might be used as a method for testing the condition of the respiratory 
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centre when under the influence of drugs or in pathological states, and 
in fact has used this method for that purpose. He finds that the centre 
(tested by this method) is not affected during sleep or by chloral, but is 
depressed by morphia. Filehne” also says it is easy to produce apnea 
by blowing in air, even on vagotomised rabbits when under morphia; 


of air Breathing volume 

0 838 ¢.c, 
89 1269 
1524 
49 1783 

115 2281 

1406 
80 1635 
0 680 


and that this is only done with the greatest difficulty when the centre 
is normal. _Loewy points out that CO, in low percentages has no 
paralytic effect upon the centre. This is shown by the fact that the 
breathing volume increases and diminishes in a definite proportion as 
the partial pressure of CO, is raised or lowered. Loewy also directs 
attention to the fact that subjective feelings accompanying altered 
breathing only occur with comparatively high pressures of CO,, be- 
coming evident when the expired air contains 6 °/, and reaching a higher 
point when the expired air contains 8°/,, One of the most interesting 
communications of recent date upon this subject is that of Haldane 
and Priestley® in which they demonstrated the exquisitely sensitive 
control which is exerted by the partial pressure of CO, in the alveolar 
air upon the respiratory centre. With 1°74°/,CO, in the inspired air 
the lung ventilation was increased 43 °/,, and so perfect was the adjust- 
ment that the increase in percentage in the alveolar air was within the 
limits of experimental error. On breathing 4°/, the alveolar tension 
rose 0°3°/, and ventilation was increased 177°/,; on breathing 5:28 °/, 
the alveolar tension became 0°85 higher than usual and ventilation 474 
times as great. They conclude that an increase of ‘2 °/, in the alveolar 
tension of CO, doubles the normal breathing volume and that it is pro- 
duced when the CO, in the inspired-air contains about 3°/,, only then 
too do we become conscious of increased respiration. During work 
however 2°/, becomes very noticeable because the effect is multiplied 
by the increased production of CO, in the body. 

As to the influence of an excess of CO, in the air breathed upon the 
working capacity of a man, we can quote results which have been 
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obtained with the different forms of breathing apparatus for use in 
mines. In the case of a man working with the “Shamrock” type of 
dress’! Dr P. Wetzke® found that 23,500 kgmm. of work were the 
most that could be done by a man in 120 minutes, the CO, rising to 
2°5°/, in 60 minutes and to 48°/, at the end of the period. With the 
“ Driiger” dress $7,500 kgmm. were accomplished in 125 minutes; the 
CO, reached ‘5*/, in 85 minutes, and 1°85°/, at the end of the time. 
With the “ Fleuss-Siebe-Gorman” dress, one of us (L. H.) found a 
powerful man able to do 46,950 kgmm. of work in 120 minutes, the Co, 
remained below *5°/, for 110 minutes and rose at the end to 12°%/,. 
The analyses of the contents of the breathing bag were made immediately 
after each working period. The work consisted of lifting a weight of 
60 Ibs. either by hand or by means of a foot pedal. When the CO, was 
allowed purposely to rise to 2°/, or more, the power to do work was 
greatly decreased, as in the case of the “Shamrock ” dress. 

This diminution may be due to three causes (1) the increased work 
done by the respiratory muscles, (2) the depressing effect of CO, upon 
the heart, (3) the depressing effect of CO, upon muscle. 

In considering these three causes there is ample proof that the 
first occurs, and we have little doubt that the dyspnm@a is the main 
cause of the lessened working power. The respiratory mechanism 
prevents any large increase in CO, tension (Haldane and Priestley), 
and we have no evidence that a small increase in CO, tension affects 
muscle, nerve or heart. | 

As to the influence of larger amounts of CO, on these structures we 
can quote the experiments of Waller and of v. Lhota. Waller™ 
states that “‘on isolated nerve the effect of little CO, is an augmented 
reaction, of much CO, a diminution or abolition followed by augmenta- 
tion, upon isolated muscle the regular effect is augmentation, and upon 
isolated heart the regular effect is diminution.” His “little” and 
“much ” signify short or long exposure to the same partial pressure, eg. 
that in expired air. Friedlander and Herter™ found that after 
CO, poisoning the motor nerves were just as excitable as before (at the 
same position of the coil). Stimulation of the central end of the sciatic 
nerve gave no effect in deep CO, narcosis, showing that the centre was 
paralysed. In an atmosphere of pure CO, v. Lhota® found that the 
contraction of frog’s muscles rapidly took on the characteristics of 
fatigue, that such muscles were preserved from exhaustion and when 


+ The dress has been improved since these results were obtained. 


ia wees 
J : 
a 
4 
| 
‘4 
* 
J 
- 
wn 
- 
» 


RESPIRATION. $1 


returned to pure air had a greater working capacity than control muscles 
which had been excited in aif. In this connection Winterstein™ 
finds that strychnine convulsions are prevented in a frog by putting it 
into 80°/, CO, and concludes that CU, has a paralysing effect upon the 
processes of dissimilation. In one experiment after the injection of 
strychnine on placing the frog in pure CO, the animal became paralysed 
in 5 minutes; and when returned to the air became excitable again in 
8 minutes. In 80°/,CO, and 20°/,0,, the paralysis was not quite 
complete even after an hour. These results agree with those of 
Verworn™, who shows that the excitability of the cord under the 
influence of strychnine depends partly upon the removal of waste 
products and partly upon want of oxygen. Perfusion of the cord with 
O free saline produces a return of excitability but perfusion with 
oxygenated saline causes far more. In connection with these experi- 
ments we may recall some observations made by one of us (L. H.) as 
long ago as 1893, which led to the conclusion that excised frog’s 
muscles when tetanised in vacuo give off hardly any more CO, than 
when left at rest. 

Fletcher™ has noted similarly that five gastrocnemii in a current 
of N gave out ‘05 c.c. of CO, per half hour during rest and ‘07 c.c, during 
tetanisation; while five other gastrocnemii taken from the opposite 
limbs of the same five frogs and placed in O, had an output which 
reached 095 during rest, and ‘233 c.c. during activity. It was 
also noticed by Fletcher that fatigue came on much more rapidly in 
those in the nitrogen, than in those kept in oxygen, and that fatigued 
muscles if allowed to rest in oxygen recovered much more rapidly and 
perfectly than if allowed to remain in nitrogen. He noticed moreover 
that frog’s muscles kept in oxygen never passed into rigor mortis. In 
the case of mammalian muscle Winterstein (Pfliiger’s Archi, cxx. 
p. 225. 1907) finds that excitability is preserved for 27 hours in 2—4 
atmospheres of O, at 37° C., and for 5 hours in 1 atmosphere. 
Hopkins and Fletcher™ have shown that lactic acid is produced 
in a resting excised muscle kept under anerobic conditions, but not if 
kept in oxygen ; also that from muscles, in which considerable lactic acid 
formation has been induced by tetanisation, a good deal of the lactic 
acid disappears when placed in oxygen. 

In regard to the effect of small doses of CO, upon metabolism, 
Gréhant has brought evidence to show that it is lowered, but the 
evidence is far from conclusive. 


Conflicting views have been held as to the relative importance of 
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oxygen-want and excess of carbon dioxide in the production of dyspn@a 
and asphyxia. In the case of fish and arthropods it is stated that 
dyspnoea results only from oxygen-want and not from CO, excess and 
that apnoea can be produced by filling the intestine with O, (Babak 
and Dédek, Pfliiger’s Archiv, Ox1X. p. 483. 1907). Lom broso (Pfliiger’s 
Archiv, CXIx. p. 1. 1907) finds that mechanical obstruction of the 
movements of the mouth or gill-plate affects the breathing rhythm just 
as much in a fish out of water as in water, so that oxygen-want is not 
the factor in this case. In the case of mammals Rosenthal insisted 
on the importance of oxygen-want while Traube laid stress on CO, 
excess. Pfltiger ™ carried out experiments to clear up the conflicting 
results and showed that severe symptoms of dyspnoea occurred when 
the CO,°*/, in the blood actually was lessened so that in this case 
oxygen-want was the chief factor. Excess of CO, in blood he said 
could likewise produce dyspnea but this is endured for a much longer 
time than that of oxygen-want. Friedlander and Herter ™ found 
that 20 °/, CO, could be breathed by rabbits for as long as an bour 
without any peculiar phenomena of poisoning, excepting increased 
cardiac and respiratory activity. Depression only resulted from a 
day-long exposure to such an atmosphere. When 30°/, of CO, was 
administered the phenomena of depression quickly ensued, breathing 
soon ceased, the animal dropped to the ground, and temperature 
gradually diminished until death occurred. With 70°/, the phenomena 
were limited to a few minutes. Benedicenti™, working under 
Rosenthal, used percentages of CO, of 10,12, 15 and more. He found - 
that the CO, exerted a purely narcotic effect and did not excite the 
respiration, or at any rate only for a short time! With 30—35°/, CO, 
there was no dyspnoea, but narcosis occurred in 30—45 minutes, the 
pupils widened and corneal reflex was almost abolished. This reflex 
did not vanish until CO, was 40—50°/, and in such doses animals lived 
1} hours—a result contrary to that of Paul Bert. Benedicenti’s 
results were contradicted by those of Zuntz and Loewy ®, of Kropeit ™ 
and of Plavec™. Plavee found with increase in CO, up to 30°/, an 
increasing greatness in the breathing volume, it then began to diminish 
with the onset of narcosis. With 5°/, CO, the dyspnea was very 
significant and with 10°/, a marked rise of blood-pressure and slowing 
of the pulse became evident. The maximal CO, dyspnea was 2—3 
times as great as that produced by oxygen-want, e.g. 
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Atmosphere breathed Breathing depth 1-4 Normal 1 
Hydrogen »» frequency 1-3 + 
volume 18 
CO, Breathing depth 2-4 
10%, O, . frequency 
80°), air volume 36 
80 °/, CO, Breathing depth 
20 O, ” frequency 1-6 
50 °/, air » Volume 43 


According to Winterstein™ all the excitatory phenomena 
produced by CO, are of reflex origin. He has published blood-pressure 
curves purporting to show that the same results are obtained by blowing 
CO, into the nose and exciting the fifth nerve, as on inhalation 
through a tracheal cannula. 3 

Mares™ has carried out the most recent and complete investigation 
on this subject. He shows that rabbits have a far greater resistance 
to CO, than have dogs—a fact which may explain the divergent results 
of earlier workers. Rabbits can breathe for a relatively long time a 
mixture of 80°/, CO, and 20°/, oxygen, and quickly recover from the 
results of breathing the same when supplied with pure air. Mares 
states that respiration in the case of CO, excess becomes in the course 
of the first minute very greatly deepened, with the expiratory pauses 
longer, so that the number of respirations may be reduced to half in the 
first five minutes. In a later stage there occur breathing pauses extend- 
ing to 1 minute. Friedlander and Herter™ give a graphic account 
of the effect of breathing excess of CO, on an unanzsthetised 
animal :—* Upon allowing a rabbit to breathe 60—80 °/, CO, with 20 °/, O, 
most powerful. respiratory effects immediately occur, combined with 
general extensor spasms of the greatest intensity. The pulse slows 
from 280 to 116 per minute with the first breath. This excitatory 
stage lasts but a short time, in 30—40 seconds, the animal falls to the 
ground completely narcotised and irresponsive to all forms of excitation. 
The respiration though still visible ever becomes slower and weaker, and 
finally very seldom and of minimal volume. The body temperature 
falls rapidly. Nevertheless the animal lives for more than a quarter of 
an hour, in fact until respiration finally ceases and the blood-pressure 
sinks to zero.” “On allowing the animal to breathe air again, recovery 
takes place very rapidly. After 30—90 seconds very rapid and powerful 
respirations occur, at the same time reflex movements return and the 
animal makes spontaneous movements, at first often of a very powerful 
and cramp-like nature. These pass away and the animal is again in its 
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normal state.” In these animals ecchymoses and oedema of the lung were 
caused by the violence of the convulsions, In cases of death the heart 
frequently still gives weak rhythmic movements in the auricle and both 
auricle and ventricle will react to mechanical and electrical stimulation. 

Kropeit™ says that the symptoms on breathing CO, with sufficient 
O, are exactly the same as those on breathing H, (O,-want). Mares™ 
draws a distinction between the effects and describes the results of 
O-want upon the respiration. He allowed the animals to breathe freely 
from a supply of N,, so that the mechanical effects which result from 
closure of the trachea were prevented. In the first stage the respira- 
tions became notably deepened and somewhat more frequent; the 
dyspneea is often ushered in by a very deep breath. It is accompanied 
by symptoms of anxiety and excitement and is of short duration, the 
breathing soon becoming very shallow and finally ceasing—*the pre- 
terminal pause.” The excitatory stage is closed by powerful clonic-tonic 
spasms. The preterminal pause has been ascribed by Landergren 
(cf. Mares™) to the excitation of the vagus centre and consequent 
inhibition, by others to the exhaustion of the respiratory centre from 
O-want, and by Higyes™ to the exhaustion of the respiratory muscles 
by the fits, The last explanation is certainly wrong. The pause is 
followed by terminal breaths, single or in groups, or by very deep cramp- 
like inspirations accompanied by snapping movements of the mouth, 
working of the alae nasi and movements of the whole head. These 
respirations are due to the incoordinate action of the dying respiratory 
centre (Richet, Mares), while according to Landergren™ they result 
from the interference of exciting and inhibitory influences on the 
respiratory centre. | 

With CO, excess the blood-pressure shows a preliminary rise and then 
sinks to near the abscissa. No marked slowing of the heart is observed 
but the systoles become less and less powerful until at last they may 
finally cease. In these respects the effect upon the heart is entirely 
different from that of O-want. After the CO, excess is removed the 
systoles gradually recover in force again and the blood pressure steadily 
returns to its original height. 

On the other hand in O-want the blood-pressure usually rises with 
the onset of dyspnoea. The heart then becomes infrequent, beating 
irregularly with powerful systoles, At the end of the stage of spasms, 
the heart may be almost entirely inhibited, not beating more than once 
a minute, the blood-pressure falling almost to zero between such beats. 
The blood collects in the dilated cavities as the pressure sinks—the heart 
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becomes weaker and weaker and death results from its failure. Upon 
the admission of air, the heart escapes from vagus inhibition, and beating 
with great force quickly drives the blood-pressure to a height. 

The effect of CO, is a direct one upon the heart muscle and can be 
set aside by the removal of the CO, and massage of the heart. 

Heart muscle is apparently resistant to O-want. Strecker™ 
found that the excised mammalian heart could beat for a comparatively 
long time with a poor oxygen supply. Magnus™ found that the 
mammalian heart could preserve its contraction for some time when 
hydrogen was sent through the coronary circulation. The heart of a 
curarised mammal may go on beating for half an hour after discontinu- 
ing artificial respiration. The hearts of mammals can be recovered after 
hours and even days—even after freezing (Hering). Bernstein and 
Fr. Miiller™ found in animals poisoned with chlorate of magnesium, 
until 70°/, of the hemoglobin was turned into methemoglobin and 
only 3—4°/, O, was left in the blood, that the animals could go on living 
for an hour or more. E. G. Martin (Amer. Journ. Physiol. xv. 1905) 
observed that strips of the turtle’s heart stop in oxygen-free saline but 
were “characterised by the ease with which oxygenation produces 
recovery.” It is clear from all these observations that the heart beat 
is only arrested by complete want of oxygen, and then is only arrested 
and not killed by such complete want, at any rate not for a long period 
of time. 

As to the effect of oxygen-want upon the respiration, according to 
Speck symptoms begin to appear when the partial pressure of oxygen 
falls below 10°5°/, of an atmosphere. Friedlander and Herter™ say 
that dyspnoea is scarcely noticeable in rabbits at 12°7 */, but becomes 
very marked at 7°/,. v. Terray™ states that it is not noticeable in 
dogs and rabbits until below 10°5 °*/,. In men Loewy finds that the 
breathing volume begins to increase when the O, falls to 15 °,. 
Haldane says that hyperpneea from want of O, occurs when the O 
pressure in the air breathed reaches 13 °/, or when the alveolar O 
pressure is 8°/, of an atmosphere. The hyperpncea is accompanied by a 
tendency to dizziness and by a loss of muscular power, disturbances of 
sensation, nausea, headache and marked psychical disturbances, similar 
4 in some respects to those of alcoholic poisoning. 

- The altitude at which men are affected on mountains depends on 
: their power to keep up the oxygen tension in the blood, and this depends 
"| on the vigour of their circulation and on whether they are shallow or 
4 deep breathers, that is to say, on the relative proportion of the volume 
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of the dead space to the tidal air. In the case of Zuntz™ at Berlin 
and on the top of Monte Rosa, the following table shows the relation 
between the actual and the reduced breathing volume. 


Reducod 
Barometric Breathing breathing volume Alveolar 0 
pressure volr.me (at 0 and 760) tension 
Berlin 758 4°75 4°27 108°7 
Monte Rosa 425 76 42 570 


The reduced breathing volume of Zuntz and his co-workers was 
lessened on the top of Monte Rosa although the actual breathing volume 
was largely increased in all cases but one. The frequency of respiration 
was not affected in any uniform way. Jaquet and Stahelin™ also 
found the reduced breathing volume of resting men in high altitudes less 
than it is in the plains. Mosso™ found on Monte Rosa that the power 

*to hold the breath voluntarily for a period was one-third of that in 


Turin. In sealed chambers Bert” found that death occurs when the | 


oxygen partial pressure sinks to for cats 4°4, for sparrows 3°6, for guinea- 
pigs 2°5, for kittens 22. Tadpoles, according to Amerling (Pfliiger’s 
Archw, CxXI. p. 363. 1908), are paralysed by O-want much sooner 
when old than when young. Tadpoles of 5 mm. length ceased to move 
when deprived of oxygen in 7 h. 30 min., when 15 mm. long in 1 h. 
15 min, | 

The symptoms of mountain sickness occur at much lower altitudes 
in the case of mountaineers than in the case of men exposed to a low 
pressure in a pneumatic chamber or in a balloon ascent. The cause of 
the sickness is in all cases want of oxygen, and the difference seems to 
be due to the excessive, and in many cases unaccustomed, work on the 
heart in the case of the former. The dyspnoea from want of oxygen, just 
as that in cases of failing circulation, washes out the CO, from the 
blood and “the increased ventilation,” as Haldane and Priestley ® point 
out, “cannot materially increase the supply of oxygen, but can very 
materially decrease the CO, pressure.” “Cyanosis, accompanied by all 
the effects of want of oxygen but unaccompanied by marked effect of 
CO, upon the respiratory centre, is thus produced ; hence while cyanosis 
produced by hindrances to respiration or to respiratory exchange in the 
lungs would be accompanied by intense hyperpneea due mainly to CO,, 
circulatory cyanosis may be accompanied by only slight hyperpnea.” 
Mosso™ noted the tendency to group breathing or Cheyne-Stokes 
respiration on the top of Monte Rosa, and attributed the symptoms of 
mountain sickness to the diminished partial pressure of CO, in the 
alveolar air. Zandell Henderson (Amer. Journ. Physiol. xxi. p. 126. 
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1908) maintains that the fall of blood-pressure, which occurs on excessive 
ventilation of the lungs by a bellows, is due to the washing out of CO, 
from the blood, and that shock generally is due to acapnia. His paper 
affords as far as we can find no evidence which prevents our attributing 
his results to the mechanical obstacle to the pulmonary circulation given 
by rapid and powerful positive ventilation. In pathological cases of 
Cheyne-Stokes respiration, where the centre is in an abnormal state of 
nutrition, Pembrey® showed that either administration of excess of 
O,, or a low partial pressure of O, or a partial pressure of 2°/, CO, in the 
inspired air, made respiration regular. The excess of O, acts by pre- 
venting O-want hyperpnea which lowers the CO, tension of the blood 
and thus sends the respiratory centre into apnea. The lessened partial 
pressure of O acts by keeping.the centre constantly excited, and the 
added CO, also keeps the centre in a state of continuous excitement. 
Pembrey finds that these patients are far less susceptible to CO, than 
the normal individual, and even by a tension of 11 */, CO, are only made 
to breathe regularly with no signs of dyspnoea. 

The effect of oxygen-want upon the working power of the body has 
been tested by U. Mosso™ with the ergograph. His records show 
that at Turin 3°48 kgm. metres of work could be performed before 
fatigue set in, whereas at the top of Monte Rosa it occurred when 
2828 kgm. metres had been accomplished. 

Whymper found that it took 114 mins. to walk a mile in London 
and 11°58 in Quito. Trained Alpinists however, like the guides and 
mountain soldiers, are able to perform extraordinary severe physical 
tasks at high altitudes. 

With regard to the effect of O-want upon metabolism, the Zuntz 
school have thoroughly established the fact that high altitudes increase 
it to a notable degree. Such an increase has not yet been observed in 
pneumatic chambers owing probably to the short duration of the 


exposures. 


Part I. OBSERVATIONS ON ANIMALS. 


Our experimental observations have been made upon cats and dogs 
and also upon man. We propose to consider first those made upon 
animals, The animals were anzsthetised with chloroform or ether 
during the operative procedures, while the observations were made during 
light anesthesia, or with the animals under the influence of morphia. 
The blood-pressure was recorded by a mercury manometer connected 
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with the carotid artery, and the respiration by means of a bellows or 
tambour recorder connected either with a side tube of the tracheal 
cannula, or with the armlet of a sphygmometer surrounding the body 
of the animal, The respiratory tracings thus indicate the in 
sign, but not the actual change in volume, The animals were made to 
breathe from an indiarubber bag containing in the one case varying 
concentrations of CO, combined with an ample supply of O,, and in the 
other case nitrogen. In this second case a solution of sodium pyrogal- 
late was placed in the bag which was well shaken, so that the O, and 
CO, exhaled by the animal were rapidly absorbed. 


Fig. 1. x4. Cat, Expired air breathed between the arrows. Time in seconds. 


The inflwence of excess of CO,. 


Fig. 1 shows the effect of breathing 6°56 */, CO,, 145 °/, O,, the vagi 
being cut. An increasing hyperpnoea is accompanied by a slight rise of 
blood-pressure, which however is interrupted at one stage. Fig. 2 
represents a case in which the CO, is 6°4, 0, 9°65, The effect upon both 
respiration and circulation is more.immediate and more marked, showing 
that the effect of O-want is here adding itself to that of CO, excess. 

The third tracing (Fig. 3) shows the result of breathing 15°38 CO,, 
783.0; the sample being taken at’ the end of the experiment. The 
respiration becomes very dyspneic and actually convulsive in type. 
The blood-pressure rises considerably, the heart beating powerfully 
during the period of administration. The respiration and circulation 
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| do not become normal again until a period of two minutes has elapsed 
3 after the removal of the bag. 


Fig. 3. x4. Dog. Breathing of "7.35 between arrows. Respirations convulsive. 
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In Fig. 4 is shown the effect of breathing 21°7 '/, CO, with excess of 
O,. In Fig. 5 the percentage of CO, is 346 */, and O, in excess. 


Fig. 4. x} Dog. 217%, CO, breathed between the arrows. 


Fig. 5. x}. Dog. 11-6 0, * breathed between the arrows. 


In Fig. 6 there is 65°28 CO, with excess of O, while in Fig. 7 the 
CO, is pure. 


The tracings show well the effect of CO, excess upon the respiration 
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and upon the circulation, It will be seen that there is an increasing 
excitatory effect upon the respiration from 6 °/, to 35 °/, where it reaches 
a maximum, although the effect of any percentage between 15 and 
35°/, 1s almost immediate. Above 35°/, the respiration is evidently 
depressed, so that with 60°/, the respiratory movements are far less 
marked, and with 80 °/, cessation of respiration occurs after a few small 
inspirations. Therefore up to 35°/, CO, has an excitant effect upon the 
respiration, but beyond this limit the effect is distinctly depressant. 


Fig. 6. x} Dog. Breathing of fee: ty between the arrows. Time in seconds. 


Fig. 7. x% Dog. Breathing of pure CO, between arrows. Artificial respiration 
at A. Natural breathing at N. Time in seconds. 
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The effect upon the blood-pressure is also well seen in the tracings, 
the results expressed in the following table well amplify them. | 

It will be seen that the most marked effect upon the blood-pressure 
is from 15—22°/, (Fig. 3), at 34 °/, (Fig. 5) it is just beginning to fall, 
and with very high percentages it falls precipitously to the base line 
(Figs. 6 and 7). 


Table showing the effect of different percentages of CO, wpon 
the blood-pressure. 


Per cent. CO, Effect on blood-pressure Per cent, CO, Effect on blood-pressure 
6°56 10 mm. Rise 34-6 10mm. Fall 
(9650, 12 Rise 43°9 60 Fall 
71 no effect 44:18 80 Fall 
15°38 76 mm, Rise 65°26 114 Fall 
21-7 38 Rise 80°66 120 Fall to base line 
22-6 86 Rise 82-66 150 Fall to base line 
26°28 8 Rise Pure? 120 Fall to base line 


The effect of CO, upon the respiration during very deep chloroform 
narcosis was also investigated. When breathing had become ex- 
ceedingly shallow the inhalation of expired air at once remarkably 
increased the ventilation of the lungs, the effect passing away as the 
expired air was withdrawn (Fig. 8). We would suggest that the 


Fig. 8. x. Cat. Record of respiration. A. Chloroform on between the arrows. 
B. CO, on between the arrows. ©. CO, on again. Time in seconds. 


excitatory effect of CO, upon the respiration might be made use of in 
cases of poisoning due to oxygen-want (carbonic oxide and nitrite, etc.) 
and in cases of drowning, suffocation and chloroform syncope. To 
carry out the method most effectively there would be required an 
anesthetic mouth-piece and rubber bag filled with oxygen in and out 
of which the operator has respired several times, This is then given 
the patient to breathe while artificial respiration is done. If oxygen is 
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not handy-expired air itself serves as a suitable mixture. We may here 
recall the old method of resuscitation by blowing into the patient’s 
mouth, which has undeservedly fallen into disrepute. The blowing and 
the artificial respiration should be used together. Champneys (Arti- 
ficial Respiration, p. 145. 1887) urges the value of this method in 
reviving new-born children. The mouth of the child is covered with 
a towel and direct mouth to mouth inflation employed. The nose of the 
child must be left open as a safety valve and care must be taken not to 
rupture the lung by blowing too hard. Entrance of air into the stomach 
he says is of no account. In the case of a tubercular midwife this method 
led to the infection of twelve children. 


The mode of action of excess of CO0,, 


In order to settle the mode of action of excess of CO,, as to how far 
it was central, reflex or in the case of the heart direct, we have not 
only made experiments before and after division of the vagi, that is to 
say after section of the afferent nerves from the air tubes and lung, 
but we have also carried out a series of injection experiments, In these 
we have injected the animal's own defibrinated blood which has been 
thoroughly shaken up with high percentages of CO, and O,. The 
injections were made either into the jugular vein or into the peripheral 
end of the carotid artery. 

Fig. 9 shows the effect of an in- 
jection of 30c.c. of such blood into 
the jugular vein. The blood-pressure 
falls owing to the direct action of the 
gas on the heart, while the respira- 
tion is only affected at a later stage 
when the gas reaches the respiratory 
centre. We find that it takes from 
12—14 seconds to affect the heart, 
which agrees well with Stewart's 
pulmonary circulation time for dogs a 
of moderate size, namely 9—10} 
seconds, The respiratory effect 
On injecting such blood very slowly —_jJood into the jugular vein. 
into the jugular vein of a cat, the 
cardiac and respiratory effects came on together (Fig. 10). The 
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respiration becomes slightly increased and the blood-pressure slowly. 
falls during the first stage, while in the second stage respiration 1s 
altogether inhibited and the blood-pressure falls markedly (86 mm.) 
accompanied by vagus inhibition. 


Fig. 10. x %. Cat. Injection between arrows of 16 ¢.c. of CO, and O, sat. blood. 


In the next tracing (Fig. 11) is shown the effect of the injection of “4 
such blood into the peripheral carotid artery of the same animal as 
in Fig. 9. The respiration 
and blood-pressure are affected 
simultaneously within a second 
or two of the injection, The 
blood-pressure is lowered not 
because of the direct action upon 
the heart, but on account of the 
excitation of the vagus centre, 
which occurs at the same time 
as the effect on the respiratory 
centre. In another experiment 
injection into the peripheral 
carotid of CO, blood produced 
spasm, then cessation of respira- 
tion, the heart showing signs of 
the blood-pressure rising con- into peripheral carotid. ‘Time in seconds. 
siderably during the period of | 
cessation of the respiration. The effects of the carotid injection are so 
immediate and striking, and occur with such small quantities of blood, 
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even with 5 c.c., that it is impossible for us to consider that these 
effects are produced reflexly by stimulation of afferent nerves such as 
the trigemini, but that they are due to direct stimulation of the 
respiratory centre in the medula. 

Winterstein’s assertion that CO, acts reflexly through the trigemini 
cannot be upheld in the face of the effects of minute changes of «lveolar 
pressure of CO, obtained by Haldane and Priestley. 

It is interesting to note that the injections into the jugular show 
that a small dose of blood saturated with CO, passes through the lungs 
without the excess being altogether got rid of. 

There is evidence (ef. Heinz, Hdb. d. Path. u. Pharm. Bd. u. pp. 
590, 598, 610) that reflex excitation of the breathing centre may be 
brought about by intravenous injection of such drugs as veratrine, 
nicotine, atropine ; these act upon the terminations of the vagus in the 
lung. These reflexes are easily suppressed by narcosis and are abolished 
by division of the vagi. We have no evidence in our injection experi- — 
ments that CO, produces a similar reflex effect. As we have said the 
results occur at such an interval of time after the injection as to make 
us believe that they are central in origin. Division of the vagi moreover 
has no effect. 

The effects of CO, on the heart can always be quickly recovered 
from, even if the blood-pressure has sunk to zero, A small intake of air 
by normal or artificial means suffices to send the blood-pressure quickly 
up again, and normal breathing rapidly follows. In cases where the 
blood-pressure sinks to zero heart massage is also required. 

Excess of CO, in moderate doses up to 25°/, produces as we 
have seen a rise in blood-pressure. There is no evidence of this rise 
being of reflex origin (from the trigemini or vagi), since it usually occurs 
later than the effect upon the respiratory centre and comes on whether 
the vagi be intact or not. There is no evidence to be found in our 
records that it is due to increased force of the heart beat; injection of 
small doses of CO, saturated blood produces a fall,and when CO,is breathed 
in slightly higher doses the blood-pressure falls, and the force of the 
heart beat is diminished owing to the direct depressant effect of CO, on 
the heart. The increased respiration cannot in any way cause this rise 
of blood-pressure, since the blood-pressure falls after removal of the bag 
containing CO, some time before the respiration returns to its normal 
state. 

Bayliss found on perfusing the iliac arteries of a frog with Ringer's 
solution saturated with CO, that a marked increase in the rate of flow _ 
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took place; the same occurred with 1 in 10,000 lactic acid. On the other 
hand Bier (Virchow’s Archiv, OXLVI. pp. 256, 444, oLIm. pp. 306, 454) 
says that after the artery to a limb has been compressed for 10 minutes, 
an active hyperemia follows in that limb even when the vaso-motor 
centre is being excited by asphyxia. The hyperemia is however quickly 
set aside by the entry of the asphyxial blood into the limb, to return 
again on allowing the animal to breathe. If we suppose the vessels of 
the limb dilate owing to the effect of the local drop in blood-pressure in 
spite of the increasing activity of the vaso-motor centre, we must grant 
that the constriction, which follows the entry of the asphyxial blood, is 
due to the local effect of CO,. 

We have no evidence to offer which excludes the peripheral effect. 
The respiratory and cardio-inhibitory centres are both excited and so 
probably the vaso-motor centre is likewise, but our injection experi- 
ments show only spasm of respiration and inhibition when the CO, 
blood is driven directly into the brain. 

Upon removal of the CO, there follows no great and rapid rise of 
blood-pressure as occurs on recovery from O-want. In the latter state 
the vessels are still constricted when the heart with a fresh supply of 
oxygen beats powerfully, in contrast with its depressed action after CO,. 
The school of v. Basch has shown that while the pressure in the left 
auricle is raised quickly by compression of the aorta, owing to failure of 
the left ventricle to empty, it is not at first raised by asphyxia but even 
lowered. This effect is ascribed to the asphyxial blood stimulating the 
centre of the augmentor nerves of the heart (Openchowski, Pfliiig. 
Arch. XXVil. p. 233). 

We made a few observations on the effect of injection of other acids 
such as acetic and butyric, in weak concentration (‘2°/,). These acids 
added to Ringer’s solution and injected into the peripheral carotid 
produced an excitatory effect on the respiratory centre similar to that 
caused by CO,. But such acids effect such complicated changes in the 
blood (hemolysis, agglutination, precipitation of proteids and changes in 
chemical equilibrium) that it is impossible to conclude from such 
experiments that the CO, effect is due to its acidic properties. 


The effect of owygen-want. 


In Fig. 12 the dog was allowed to breathe from a bag which 
contained 4°52 of oxygen and no CO, at the moment when the respira- 


tory symptoms became most marked. The respirations gradually 
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increase in intensity and finally become arrested for a short time. 
There is but little effect on the blood-pressure. In Fig. 13 the bag 


contained 2°09 of O, and no CO, The animal in this case was 
a cat, 


Fig. 12. x. Dog. Between the arrows 000," was breathed. 


209 O 
Fig. 18. x4. Cat. Breathing between arrows 9.9 00°: Time in seconds. 


The respiration slowly increases in intensity and finally becomes 
arrested for a long period. The blood-pressure gradually rises, to fall 
again with the arrest of respiration. The heart beats become smaller 
and smaller but when the blood-pressure has become very low four 
convulsive gasps occur, and as the bag has been removed this brings 
about an immediate recovery of the blood-pressure and of the respiration. 
The blood-pressure rises considerably above its former level on recovery; 
as was generally the case in these observations. This rise points to the 
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state of vaso-constriction excited by oxygen-want, and as we have 
mentioned this subsequent rise above normal never occurs upon 
recovery from inhalation of excess of CO,. 

In the next tracing (Fig. 14) the bag contained ‘24 °/, O, and 
no CO,. The respirations gradually increase to a maximum and then 
a prolonged pause occurs, broken at intervals by spasmodic respirations. 
The blood-pressure rises during the first stage and then falls. The 
inhibitory etfect exerted on the heart by the vagus centre is well 
marked. 

Fig. 15 shows the effect of oxygen-want upon a cat. It is much the 
same as with the dog. There is the same increase in depth in the first 
stage, followed by convulsions, spasmodic breathing, cardiac inhibition and 
fall of blood-pressure. Convulsive respirations next occur at longintervals, 
and finally a very prolonged respiratory pause with marked fall of blood- 
pressure, which however rose when the respiratory pause was broken by 
a single deep convulsive breath of fresh air. Respiration recovered 
subsequent to a second convulsive breath which occurred after another 
long pause. 

The rest of our experiments on oxygen-want we have summarised in 
the table next given. The same general features are seen in all—gradual 
onset of dyspnoea, inhibition of the heart when the vagi are intact, 
generally a rise of blood-pressure, convulsions and convulsive breathing, 
followed by long respiratory pauses and fall of blood-pressure. Recovery 
is rapid and marked by a rapid rise of blood-pressure to above original 
level. 

To ascertain the mode of action of oxygen-want we have made a series 
of injections of blood saturated with carbonic oxide into the jugular vein 
and into the peripheral carotid. In the first case the symptoms have been 
slight, if any; the heart has a reserve supply of contractile material with 
oxygen in chemical combination and thus is not influenced by the tempor- 
ary passage of a stream of deoxygenated blood through the coronaries. 
In the second case the medullary centres have shown signs of excitation, 
the nervous system, as is well known, being exceedingly susceptible to 
conditions of deficient oxygenation. The respiration becomes increased 
in depth as Fig. 16 shows, but not to the same extent as with CO, blood. 
We succeeded in one case in exciting the vagus centre and producing 
inhibition of the heart, but this is a later effect in asphyxia and is not 
easily produced by a temporary injection of deoxygenated blood. O-want 
brought about by ligation of all the cerebral arteries, is followed by 
excitation of all three centres, by spasm of respiration, cardiac inhibition 


> 
i 
i 
= q 


RESPIRATION. 


‘N 78 “y pue 38 ofdureg 


a 
99 
- 
A 
‘ 
q 
; 
| 7 
| 
¥ 
¢ 
q 
| 
q 
‘al 
+ 
1 
> 
, 
‘ 
i 
4 
| 
J 
. 


‘ 


100 


L. HILL AND M. FLACK.. 


and rise of blood-pressure (cf. Hill, Phys. and Path. of Cerebral 
Circulation, 1896). This vagus stimulation in O-want is protective in 
nature, since Barcroft and Dixon™ have shown that vagus stimulation 


~ cuts the oxygen consumption down to $, in the case of the heart while 


the CO, output is even more considerably reduced. 
Table showing effect of O-want upon the respiration and circulation. 


Cat 
Vagi intact 


cut 


intact 


intact 


Dog 
Vagi cut 


oat 


We sought finally to complete our observations by making a series of — 


Respiration 
Gradual onset marked 
32—77”, convulsions 86”, 
arrest at 105” 


Marked effect 45—93”’, from 
two gasps 


Marked effect 55—101”, 
after this 4 breaths in 75” 


Marked 29-—67", 
not set in 


Very gradual onset of dysp- 
nea marked at 54”, con- 
vulsion at 61” 

Marked dyspnwa 75—117”, 
after this 2 teeathe in 20”. 
Convulsions just begin- 
ning when bag removed 

Marked 87—130” followed 


Circulation 


Rise hardly perceptible, marked inhibition 
of heart 56—86”. Fall B.-P. begins 51”, 
fallen 80 mm. Recovered 114 mm. 

10", 


No rise B.-P. No inhibition of heart. 
Fall B.-P. begins 45” and fell 92 mm. by 
182”. Recovered 128 mm. in 42”. 


Very slight rise B.-P. in 80”. Marked in- 
hibition of heart 87—85”. Fall B.-P. 
begins 80” ; fell 80 mm. by 182” : rose on 
recovery 52 mm. in 84” and 100 mm. in 
2 mins, 


Marked rise B. -P. after slight fall had risen 
50 mm, in 81”. Inhibition of heart not 
marked, No fall B.-P. during admini- 
stration of gas. After removal of bag 
quickly fell to original level followed by 
subsequent rise of 30 mm. 


B.-P. No inhibition of heart. 
.-P. begins 41", fallen 46 mm. 
78”. Rose 104 mm. in 12”. of 


Marked rise of B.-P. 52 mm. begin at 


Very gradual rise of B.-P. 44 mm. in 100’. 
Marked inhibition of heart 24—37”, and 
from 64” onwards, followed by gradual 
fall 70 mm. in 100”. 


t rise of B.-P. 18 mm. in 44”. No 
ibition of heart. Fall not marked till 
98”, at 105” falls 108 mm. in 9”. 


B.-P. rises 80 mm. in 54”. No 
inhibition Fall of B.-P. 

101” and falls 56 mm. in 75”. After 
breath rises 94 mm. in 22”. 


Gradual rise of B.-P, 18 mm. in 17” 
followed by fall then another rise. In- 
hibition of the heart at 30”. Fall of 
56 mm, in 538”, 


investigations on the composition of the alveolar air during the different 
stages of asphyxia. 


Cat ‘ 
Vagi cut | 
Vagi intact 
Dog 
Vagi intact by convulsive type of 
: breathing, 11 breaths in 
135” 
Gradual onset dyspnea, 
marked 58”, Convulsions 
P at 103” followed by arrest, 
1 breath in 30” 
Gradual onset dyspnoa— 
marked 60—101” followed 
by arrest 
Cat Very marked dyspnoea 
Vagi intact 20—26”, convulsions at 
| 30”, arrest of respiration 
65” 
ij 
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The trachea was closed by connecting a vacuum tube with the 
tracheal cannula for a certain period of time, varying in different obser- 
vations from a few seconds to several minutes. The tap of the vacuum 
tube was turned and a sample of the contents of the lung obtained. The 
tables given below show what were the conditions of the respiration and 
_ of the circulation and the corresponding partial pressures of oxygen and 
CO,. It will be seen that the oxygen in the alveolar air falls away more 
rapidly than the CO, increases, 


Fig. 16. x4. Dog. Injection of 156.6 CO Blood into peripheral carotid. 
Time in seconds. 


The symptoms of asphyxia are due both to oxygen-want and to CO, 
excess. The first effect on the breathing occurred when the CO, was 
6°46 and the oxygen 13°13; an evident influence both on blood-pressure 
and respiration occurred with the CO, at 66 and O, at 11°23. Cardiac 
inhibition was noted with CO, at 9°26 and O, at 8°31. The final symptoms 
of asphyxia are O-want effects. The highest figure reached by the CO, 
is 13°22 °/, at the end of 404 seconds, the oxygen in the same time 
having fallen almost to zero ("141 °/,). 
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Table showing the content of alveolar air in different stages of asphyxia. 


Tube I 42” 7°10 
5°16 
il 34” 7°60 CO, 
5°53 O, 
May 15, 1907. Dog: vagi intact. 
Tube I 106” 9-184 CO, 
72 0, 
II ? 10°41 CO, 
3°48 O, 
Ill 55” 
518 O, 
IV 16” 9°26 CO. 
8°31 O, 
v 91” 10°63 CO, 
0, 
May 28, 1907 
Tube I 16” 6°80 
$800,” 
I 27” 7°30 CO, 
760 0, 
Ill 47” 7°35 CO, 
5°84 0, 
IV 89” 8°42 CO, 
3-06 O, 
Vv 201” 
118 0," 
June 5. Dog: vagi intact. 
Tube I 51” 779 
0, 
Il 154” 8°85 CO, 
3°91 O, 
Ill 9” 6°46 CO, 
13°18 O, 
IV 35” 6°60 
11-23 0, 
13-22 CO, 
‘41 0, 


Convulsions. 
B.-P. raised 12 mm. 


Convulsions and partial arrest of respiration. 
B.-P. raised 60 mm. Heart partially inhibited. 


Very marked 


convulsions. 
- B.-P. raised 24 mm., heart partially inhibited. 


tion convulsive. 
B.-P. raised 14; heart partially inhibited. 


Convulsions and arrest of respiration. 
B.-P. beginn to fall after marked rise (34 mm.) 
Heart inhibited. 


convulsive. 
B.-P. raised 6 mm. No inhibition of heart. 


Convulsive respiration. 
B.-P. raised 10 mm., partial heart inhibition. 


Convulsions. B.-P. raised 20 mm., partial heart 
inhibition. 


Convulsions and arrest of 
Respiration arrested, occasional Heart 
coincident with gasp. B.-P. fallen 92 mm. 
Respiration spasmodic. Some inhibition of heart. 
B.-P. raised 30 mm. 


Respiration almost arrested ; evacuation of feces. 
Heart partially inhibited. "B.-P. raised 70 mm. 


Respiration slightly increased. Heart and 
B.-P. not affected. 


Res becoming spasmodic 


q 
> Duration Alveolar | 
of closure air 
‘ of trachea content Observations 
April 30, 1907. Cat: vagi intact. 
much increased in intensity ; B.-P. 
4 fallen 16 mm. ; no previous rise ; heart partially 
inhibited. 
Convulsions, 
| B.-P. fallen 16 mm. 
| 
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SuMMARY TO Parr I. 


The effect of CO, excess :— 

(1) At first hyperpnoea increased with rising partial pressure to 
convulsive breathing, especially marked in percentages from 15 to 30 °/,. 
Above 30—35 °/, the depressant and narcotic effect becomes more and 
more marked, so that with very high concentrations the excitatory effect 
is transitory and followed by respiratory arrest. 

(2) With moderate doses the blood-pressure is raised and the vagus 
and vaso-motor centres excited; the most marked effect occurs with 
10—25°/,. Higher concentrations the blood-pressure falls owing to the 
depressant effect upon the heart muscle ; from this effect the heart may 
be easily recovered by pure air and massage. The narcotic effect on 
unanssthetised animals has been fully demonstrated by the authors we 
have cited above. 

(3) The excitatory effect of small percentages of CO, on the 
respiratory centre leads us to urge that a mixture containing air or 
preferably oxygen and 5°/, CO, should be employed in the resuscitation 
of cases of carbonic oxide and nitrite poisoning, of the apparently 
drowned, of suffocation and chloroform syncope. The simplest method 
of effecting this is to blow into the patient’s mouth at the same time as 
artificial respiration is performed. 

The effect of oxygen-want :— 

(4) The dyspnea is much more gradual in onset and terminates in 
a convulsive stage often of great intensity. This is followed by prolonged 
pauses broken at intervals by spasmodic respirations. 

(5) The blood-pressure is usually raised but not always, the vagus 
centre is markedly excited, particularly during the convulsive stage of 
respiration. The blood-pressure rapidly falls subsequent to the convul- 
sive stage, and upon recovery rises above the former level in a very short 
time. The heart is not so rapidly depressed by O-want as it is by CO, 
excess. 


Part Il. OBSERVATIONS ON MAN. 


To carry our research to a further stage, we have made a series of 
observations upon ourselves and upon a number of medical students, 
with a view to investigating the composition of the alveolar air when 
the breath is held as long as possible. Shortly after making the pre- 
liminary experiments we ascertained from Dr Pembrey that he and 
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some of his pupils had already made some observations on similar 
lines. Dr Pembrey was kind enough to place such information as 
he had already obtained at our disposal. We have made these 
observations (1) under ordinary conditions, (2) after breathing oxygen, 
(3) after muscular exercise, and we have contrasted them with the 
results obtained by breathing in and out of an anesthetist’s indiarubber 
bag in the place of holding the breath. We made this contrast in 
order to see whether holding the breath had any mechanical effect upon 
the circulation, and whether our results were influenced by any such 
mechanical effect. 


TABLE I. 
After holding the Holding breath after 
L. H. 6-2 $32 10°20 32 
L. H. a research 2 years 589 0 8 23 
L. H.’s CO, was rare 

L. H. ws ides 687 9-02 25 758 85°93 65 
L. H. 7°86 excess 55 
L. H. 8°87 excess 55 
A. K. 690 10°39 45 
M. G. 5°67 12°93 682 9-08 40 825 44°33 130 

685 9-02 40 oni 

0. G. 695 996 80 
M. F. 5°54 14-00 702 8-92 38 
M. F 5°54 14-00 731 9°28 35 801 31°60 55 
M. F 800 excess 89 
L. 5°52 12-91 730 10-01 70 
635 18-06 696 10°52 35 
G.E.V. 5°82 12-30 706 10-09 20 
H.H.D. 5°40 12°36 680 11°81 85 ow 
H. N. 5°51 13°48 770 928 40 807 excess 90 
E.H.R. 415 15-01 632 965 32 7-06 rt 72 
Ww. R. 405 16-12 726 «611-44 35 7°80 40 

(two samples) 
Be 5-06 13°67 666 1081 38 8°32 - 58 
H.B.W. 4°75 13-90 681 51 8°127 105 
F. 8. 4:40 14-34 528 11°10 80 7-61 62 
3 5°13 15°07 80s 612 17 10005 160 
Br. 5°06 15-20 6625 11°21 42 7°80 Ps 88 
P 6-02 15°52 630 11-32 58 7-92 * 98 
WwW 5°58 14°61 6-21 10-82 88 7°86 79 


Table I shows in the first column the composition of the normal 
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alveolar air as obtained by the Haldane and Priestley method. Between 
the mouth-piece and the long tube from which the samples were taken 
we interposed a short piece of collapsible tubing. This we could clamp 
with a strong pair of rubber coated forceps immediately at the end of 
the expiratory effort, and thus relieve the subject from the necessity of 
closing the end of the tube with his tongue, an operation difficult to do 
after holding the breath to the breaking point. 

Column IT shows the composition of the alveolar air after the breath 
was held as long as possible after a normal quiet inspiration. The 
figures show that there are individual variations and also variations in 
the same individual under different conditions in daily life. One of the 
most important factors seems to be that of pluck or resolution to with- 
stand discomfort, and this in the same individual varies according to the 
state of his nervous system, that is whether he be fresh or fatigued. 
This is well seen in the case of L. H.; in one instance he broke down 
with 7°26 CO,, 11°29 0, in his alveolar air, in another when in a more 
vigorous condition at 8°32 CO,, 10°20 0,. The longest period of holding 
the breath that we have come across is one of 135 seconds, but in this 
case the student was so “done” that he could not expire sufficiently 
(300 c.c.) to obtain a sample which we considered satisfactory. This 
heroic effort was followed by a day’s headache, and a refusal to repeat 
the performance. 

In the case of IL. who held his breath for 77 seconds the CO, rose to 
the high figure of 8°08 while the oxygen fell to the extraordinarily low 
one of 6120,. In most cases it will be seen that the breaking down 
point occurs when the oxgyen has fallen to 11—9°/,. In the case of 
L. H. immediately after giving a lecture he broke down when the CO, 
had reached 5°89 °/,, a much lower figure than usual, but the oxygen 
was found to be but 8°54°/,, a very marked drop. It will be seen also 
that in all cases the fall in the oxygen percentage is much greater than 
the rise in that of the CO,; this led us to suspect that the breaking 
down point is fixed rather by the fall of oxygen than by the rise of the 


The third column of Table I shows the effect of taking three quiet 
breaths of oxygen before the holding of the breath. Oxygen want is 
thus altogether eliminated, and we see that in every case (for the 
samples were always taken following one another) the period over which 
the breath can be held is extended, in most cases greatly, and also that 
the partial pressure of the CO, is raised. Under these conditions the 
breaking point occurs approximately at 8°/, CO,. In the case of I. the 


“ 
, 
3 
CO. ‘4 
2° 
a 
q 
ny. 
> 


106 L. HILL AND M. FLACK. 


CO, went up to 10°/, and the period for which he could hold the breath 
was more than doubled, In the case of M. G. the period was more than 
trebled. The symptoms. which produce the breaking down are quite 
different in the two cases. In the one case (without oxygen) there is 


throbbing in the head, sometimes dizziness and a feeling of oppression — 


in the chest, in fact some of those who held on longest described their 
feelings as those of “being about to die.” One student fainted without 
any warning to the observer after having held his breath for about 
15 seconds. He remembers observing the watch for that period and 
then both he.and the watch fell to the ground. 

In the second case (when oxygen is breathed before the experiment) 
the whole conditions are far more pleasant. There is a marked absence 
of anxiety, the second hand of the watch seems to slip round much more 
quickly, the breaking point is reached more suddenly; the urgent 
symptoms being: headache, breaking out into a profuse perspiration, 
an increasing and finally imperative desire to breathe. | 

In Table II column III are shown the results obtained on breathing 
in and out of a rubber bag in the place of holding the breath. In all 
cases but one (M. F.) the bag was filled with the air expired from the 
lung by a deep expiration, and this air was breathed in and out until 
the breaking point came when the contents of the bag were analysed. 
It will be seen (we have inserted column 1 from Table I for comparison) 
that this arrangement allows the CO, to go higher and the oxygen to go 
lower, very markedly so in the two cases who had the resolution to 
persist longest. In these cases the oxygen fell to the extremely low 
figures of 5-11 and 4°40 respectively ; M. G. fainted for a moment or so, 
while E. H. R, became of such a marked blue-white colour that-we made 
him desist from the experiment. 7 

The results (columns I and III, Table II) therefore show clearly that 
holding the breath does produce some mechanical obstruction to the 
circulation by the cessation of the respiratory pump. In breathing in 
and out of a bag the blood containing oxygen in the outlying parts of 
the body can be brought into. play and circulated freely to the coronary 
arteries and to the brain; at the same time the CO, can be removed 
from the tissues by the more efficient circulation and so its percentage 
in the alveolar air rises, 

In column IV the same experiments were repeated but the bag was 
filled with oxygen in order to eliminate the influence of ox ygen-want. 
Under these conditions we reached the extraordinary high figure of 10 
and even 10°7°/, OO, in the alveolar air; the time also is lengthened 
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from two to four or even five minutes. The symptoms become those 
well known to occur with a high partial pressure of CO,. At first the 
inhalation is free and pleasant, then it deepens more and more and 
finally the hyperpnosa becomes so excessive that the whole effort of 
the man is given to gasping for breath. At this stage there is marked 
headache, the skin is flashed and the body bathed in perspiration. 
The shortness of Table II is accounted for by the exceedingly un- 
pleasant character of the experiments. 


TABLE IT. 
After Time After | Breathing Time | Breathing 
breaths of held | from from 


E.H.R. 632 9°65 706 excess 72 4440 125 1029 32°89 
* Started with pure air, not expired, therefore no O-want effect. 


BEES ie? 


The next series we give (Table III) shows the influence of severe 
muscular work on the power to hold the breath. We also give the 
results (1) of the normal alveolar air, (2) of holding the breath under 
normal conditions, (3) of holding the breath after three breaths of oxygen 
obtained on the same individuals at the same time of experiment. 


TABLE IIL. 

alveolar air normal conditions in breaths of ox in cular exercise in 
Subject COs Oy sec, | Oy secs, | Oy 
W.R 405 1612 | 7:26 11-44 85 | 780 excess 40 | 887 11-70 129 
Be 506 1867 | 666 1081 38 | 982 ., 58 | 798 1882 9 
H.B.W. 475 1890 | 681 893 51 | 8197 ,, 105 | 712 11-46 10 
F. 8. 440 1484 | 598 1110 80 | 761 ,, 62 | 777 1098 10 
L 518 1607 | 808 612 77 | 10005 ,, 160 | 995 8901 14 
Br. 5-06 1520 | 6695 11-21 42 | 780 ,, 988 | 764 1286. 10 
P 602 1552 | 680 11-32 53 | 792 ,, 98 | 729 1888 9 


The duration through which the breath can be held is greatly 
shortened to 8—11 seconds, the CO, partial pressure rises far more 
quickly (approximately three times) and to a greater height, while the 
oxygen does not fall to the same extent as when the breath is held 
under normal quiet conditions. In the case of I. the individual 
peculiarities are shown to the same extent as before. In the former 
paper (Proceedings of this Journal, July 12, 1907) we gave a table 


Subject 
L.H. 687 902 25 | 7:58 8593 65 780 839 980 8°77 : 
M. G. 632 308 825 4438 130 #796 ? 10°70 
M.F.* 731 923 35 | 801 81-60 55 (976 1280 215)*| 10-16 e 
| H.N. 7:70 928 40 807 excess 90 | 782 836 100 | 10-01 ; 
4 
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showing the alveolar tension and body temperatures of athletes 
immediately after several races. 

The results there given show that the body temperature may under 
such conditions rise as high as 103°—105° F. The alveolar tensions we 
reprint as Table IV. 


TABLE IV. 
Subject Race CO, Og . Observations when samples taken 
W. V. F. 4 mile 4°62 17°48 Immediately after race. 
BR. ML. 4 mile 16°40 
- 1 mile 4°57 15°65 About 1 minute after race. 
ON 1 mile 4°86 17°05 After running from course into dress- 
ing room. 
P. 1 mile 4°40 16°54 Immediately after race. 
(5°16 14°62 before race). 
8 miles 
H, 1 mile 5°12 160 About 1 minute after race. 
% 8 miles 4°58 14°94 2 mins. after race panting subsiding. 
H. P. 1 mile 3°74 178 Immediately after race. 
” 8 miles 5°33 15°39 ” » 
” 8 miles 4°44 16°30 
(5°27 14°42 before race). 


It will be seen that in all cases the partial pressure of CO, is low 
and that of oxygen high pointing to the conclusion at first sight that 
the ventilation was more than ample, and that the dyspnoea could not 
be ascribed to excess of CO, but rather to increased bodily temperature 
(Pembrey) and to the products of incomplete muscular metabolism 
such as lactic acid (Zuntz, Fletcher and Hopkins). 

The new experiments however show that the CO, production is so 
active that the tension becomes almost doubled on holding the breath 
for some ten seconds, and the question arises whether the alveolar air is 
_ really im equilibrium with the blood. Our injection experiments in 
Part I of this paper show that even small doses of blood containing 
excess of CO, can pass through the lungs without being altogether freed 
of its excess, and it seems possible that during exercise there may be a 
higher tension of CO, in the blood than there is in the alveolar air. 
Moreover it will be seen from Table III that the CO, tension at the 
breaking down point after muscular exercise equals or approaches that 
when the breath is held after breathing oxygen. It therefore seems 
that the CO, tension of the blood may after all be a chief cause of the 
dyspnoea of muscular exercise. 
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In Table V we give results obtained after holding the breath a 
number of times in succession. In each case the breath was held after 
the subject thought that he had returned to a normal state of respira- 
tion subsequent to the previous holding of the breath. 


TABLE V. 

CO, OO, Times breath held in seconds 
L. H. 620 18-00 650 1246 85, 40, 85, 45, 45. 
M. G. 556 283 s«:18-85 687 18°57 85, 88, 88, 45, 50, 48, 50. 
M. F. 540 ©1421 6-09 14-20 30, 40, 38, 40, 30, 38, 37. 
O.M.R. 635 18-06 675 18°24 88, 35, 49, 40. 
G.E.V. 5382 1230 680 © 18-48 40, 50, 45, 50. 
H.H.D. 540 12:36 609 18°56 85, $8, 48, 88, 42, 83, 40, 82, 32, 
H. N. 551 s«18°48 651 14°31 40, 55, 57, 65, 70, 75. 
415 16°01 455 14-08 82, 48, 48, 44, 46, 56, 44, 47 
L. 552 19-91 616 12-32 70, 70, 100, 80, 
F. 8. 440 471 29, 43, 40, 45, 60, 45, 45, 45, 45, 

48, 55, 60, 45, 60, 60, 55. 

R. 405 1612 480 «14-81 30, 20, 18, 86, 42, 48, 45. 
Be 506 18-67 453 «15°79 25, 80, 36, 40, 35, 48, 51, 42. 


It will be seen that on the whole the partial pressure of CO, tends 
to get higher, and the periods of holding the breath longer; the former 
is particularly marked. This is to be explained by the increased 
respiration which follows each period of holding the breath, whereby 
the blood is better oxygenated, and the results offer further proof that 
the power to hold the breath depends more upon the supply of oxygen 
than upon the amount of CO, present. 

To contrast the results we obtained upon dogs during asphyxia with 
- those on man we analysed samples of the alveolar air after holding 
the breath over gradually increasing intervals. Table VI — the 
result. 


TABLE VI. 
L. H. Normal 5°54 14:0 M. F, 0—10 5°54 140 
pe After 15 6°64 , 
” » 25 7°23 
” » 35 7°58 
M. G Normal 5°95 
” After 10 6°17 
” 20 6°21 
30 6°88 
” 40 6°60 
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It will be seen that the oxygen goes down much more than the 
CO, rises and that the difference in the case of the oxygen is greater 
in the earlier stages than in the last, owing no doubt to the impedi- 
ment to the circulation through the lungs produced by holding the 
breath, and partly perhaps to inhibited metabolism. 

The last experiment of this series is one which confirms the results 
obtained by Speck and others (cited in the Introduction). Mixtures con- 
taining excess of oxygen and increasing percentages of CO, were breathed 
in succession from a bag. It was found that when the CO, was 4°78°/, 
in the bag to begin with, the final amount reached 9:11 °/,; while when 


the mixture contained 13°32 °/, CO, at the beginning the final amount: 


in the bag was 10°31 °/,, showing that in this case the body had got rid 
of no CO, but had actually absorbed 3 °*/, of the CO, in the bag. 


Summary! ‘to Part II. 


The conclusions to be drawn from these experiments are :— 

(1) That the inability to hold the breath depends more upon 
oxygen-want than upon CO, excess. 

(2) That the power to hold the breath is greatly extended by 
having an excess of oxygen in the lungs. 


(3) Breathing freely in and out of a small closed space extends the 


power to withstand excess of CO, and want of oxygen, because the 
cireul:tion is not mechanically impeded as it is when the breath is 
held. 

(4) When excess of oxygen is breathed from a closed space the 
CO, tension rises to 10°/, and over before the breaking point 
“ie At this partial pressure CO, is rapidly accumulating in the 

y: 

(5) In muscular exercise CO, excess rather than oxygen-want 
seems to be the excitant of the hyperpnea. 

(6) Fimally our experiments show that while Haldane and 
Priestley are correct in saying that normally respiration is regulated 
by the tension of the CO, in the alveolar air, in cases of obstructed 
aération of the blood, diminished oxygen tension is the more potent 
agent. 


A summary of Part I has been given on p. 103. 
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THE TEMPERATURE-COEFFICIENT OF THE RATE 
OF CONDUCTION IN NERVE. By KEITH LUCAS, 


Fellow of Trinity College, Cambridge, 
(From the Physiological Laboratory, Cambridge.) 


THE most obvious motive for determining the temperature-coefficient 


of the velocity of any biological process lies no doubt in the hope that — 


one may learn whether the process does or does not involve a chemical 

change. It is true indeed that for most physical processes the quotient 

velocity at Zn+10 . 
velotiy as Th is not greater than 1°2, but I cannot avoid some 


distrust of the direct application to complex biological processes of the 
inference that a process for which this quotient is found to be consider- 
ably higher is therefore a chemical process. In living tissues we may 
for example with probability have to deal with labile combinations of 
proteins with electrolytes, combinations in which the amount of the 
electrolyte combined is dependent on the temperature, so that the 
apparent temperature-coefficient of some process which involved the 
movement of ions might conceivably be influenced to a large extent by 
the fact that at two temperatures examined the amount of the electro- 
lyte available would be widely different. 

In making the present determination of the temperature-coefficient 
of the rate of conduction in nerve I had a different object in view. It 
appeared possible that the coefficients for the various processes which 
go on in muscle and nerve might be considerably different. And if this 
were so one would have an analytical instrument which might serve to 
differentiate the several processes with a certainty which the mere 
observation of their normal sequence could not secure. There is already 
some evidence that such differences do exist. Maxwell’ has recently 
found for the rate of conduction in nerve a mean coefficient of 1°78; 


} Maxwell. Journ. Biol. Chem. m1. p. 859. 1907. 
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Bazett' has found about 3 for the duration of the refractory period in 
muscle, and about 3°6 for the corresponding duration in nerve; and in a 
paper which appears in the present number of this journal Woolley’ 
shows that in muscle the coefficient for the rate of conduction differs 
widely from that for the latent period. 

The observations of Maxwell, to which reference has just been | 
made, are the only ones, as far as I am aware, in which experiment has 
been directed to the particular case of the velocity of conduction in 
nerve. Maxwell made use of the pedal nerve in the giant slug 
(Ariolimax columbianus) on account of the great length of nerve 
available in that animal. The values which he obtained for the 
coefficient ranged from 1°08 to 3:15 with a mean (the number of 
observations was very large) of 1°78. 

My own observations have been made on the frog, since I needed the 
results for comparison with values obtained for other processes in the 
same myoneural mechanism. In principle the method which I have 
used is that of He] mholtz, the time of conduction being the difference 
between the latent periods of two muscular contractions evoked by 
stimulation at different points on the motor nerve. But in detail the 
method was greatly modified in order that sufficient accuracy might be 
ensured. The way in which this was done will perhaps be best explained 
if I state what special methods were adopted to reduce each of the 
several sources of error. 


METHOD. 


1, Length of Nerve. The small length available in the sciatic- 
gastrocnemius preparation makes the conduction-time a small fraction 
of the whole latent period observed, and in consequence a small error 
made in measuring the whole latency becomes a large percentage error 
in the deduced conduction-time. For example with a length of 25 mm. 
between the exciting electrodes, a rate of conduction of 25 m. per sec., 
and a total latency of 0°02 sec. ; an error of 1°/, in measuring the latency 
becomes an error of 20 °/, in the conduction-time. To reduce this error 
I have used the whole length of nerve from the plexus to the flexor 
longus digitorum III, 1V, V (the sciatic, tibial, and sural nerves) in large 


- specimens of Rana esculenta, so obtaining a total length of from 90 to 


110 mm, of nerve, of which from 75 to 95 mm. lay between the 


1 Bazett. This Journal, xxxvi. p. 414. 1908. 
Woolley. Ibid. xxxvu. p. 122. 1908. 
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electrodes’. In this way an error of 1 */, in measuring the latency does 
not become greater than a 5 °/, error in the conduction-time. 

2. Ourrent-spread. To ensure accurate localization of the excitation 
I used a form of electrode similar in principle to the ‘fluid electrodes’ 
which I have described elsewhere’. In these the current-spread 
is avoided by the use of a large body of conducting fluid around such 
parts of the tissue as are not to be excited directly by the current. In 
the forms previously used I allowed the tissue to be surrounded by air 
in the short region intervening between the anode and the cathode, so 
that the exciting current might there be of high density in the tissue. 


. 
_— 


H 
Fig. 1. 


In the form used for these experiments I have abolished the air-space, and 


effect the change of current-density simply by constricting the glass tube 
in which the Ringer's fluid is contained. The arrangement will be clear 


? The sural nerve is extremely slender, and co: 

: nsequently I find it necessary, in order 
to avoid drying, to open the animal under Ringer’s fluid and to keep the preparation in 
Ringer’s fluid throughout the experiment. If this precaution is taken the preparation 
remains in good condition for six hours or more. 


* Keith Lucas. This Journal, xxxrv. p- 375. 1906. 


3 


Pa 
4 
* 
ty 
‘ 
F 
4 
q 
| 
| 
- 
4 
| 
dD’ 
-B 
~~ 
: 
. 
i 
é 


CONDUCTION IN NERVE. 115 


from Fig. 1. The nerve passes up through the constrictions C and D, 
and is attached to the thread #. If the current is passed in at G and 
out at #’, the effective cathode is at the lower end of the constriction C; 
and similarly if the current is passed in at J and out at G, the effective 
cathode is at D. Experiments made to test the localization showed that 
a nerve killed by heat or by ligature down to a known point required for 
excitation a current of 3700 microampéres when the killed part lay in 
the actual constriction, while the uninjured part began at a point 2mm. 
below the point D, but required only 105 microampéres when the un- 
injured part lay actually in the constriction. It appears therefore that 
to cause a spread of 2 mm. the current must be made 35 times greater 
than the liminal current. In the determination of the rate of conduction 
I always used at each electrode a current which was only half as great 
again as the liminal current required at the moment; and with this the 
current-spread must have been quite negligible. The exciting currents 
were obtained from an induction coil graduated in terms of the current- 
strength in the secondary coil, a constant rate of break in the primary 
being secured by means of a small pendulum and knock-down key. 

8. Recording the moment of excitation. The exciting current was 
made to deflect the string of an Einthoven galvanometer, whose record 
was made on a moving photographic film. Fig. 2 shows the general 
arrangement of the apparatus with the arc lamp (a), the galvanometer 
(c), a slit and cylindrical lens (A and j) and the recording drum (k). In 
Fig. 3 is shown one of the records made. A is the image of the string. 
It is seen to be deflected suddenly by the passage of the current, and to 
continue in vibration during the remainder of the record. 

4. Recording the commencement of contraction. The muscle (flexor 
longus digitorum III, IV, V) jay within the electrodes at A (Fig. 1), 
and from it there passed a thin glass rod H. This rod was attached to 
a very light recording lever only 5 cm. in length. The magnification of 
the muscle’s movement was obtained by placing the end of this lever in 
the focal plane of the projection eye-piece in the Einthoven galvanometer 
so that its image was projected in focus on the recording film. In this 
way @ magnification of 150 times was obtained with very small inertia 
in the lever. The record of the lever’s movement appears at B in 
Fig. 3, and the abrupt beginning of contraction can be seen. 

5. Rate of movement of recording surface. This was determined 
with a tuning-fork performing 200 D.v. per sec. A magnetic signal 
(g, Fig. 2) in synchronism with this was placed in the focal plane of the 
eye-piece. , Its record is shown at C in Fig. 3. 
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6. Measurement of the records. The lines D, E, F, in Fig. 3 
represent the direction of the slit (h, Fig. 2) on the photographic film, 
and therefore each of them marks the abscissa value at which 
simultaneous events of all possible ordinate values would be 
recorded on the film. These lines are made by a rotating arm 
(6, Fig. 2) which carries a narrow sector in the focal plane of the 
condensing lenses, the image of the sector being projected in focus on 
the plane of the slit (h, Fig. 2). In the measurement of the films they — 
are used as zero lines from which the abscissa values (i.e. the time 
relations) of the various records on the film are measured. The 
measurements were carried out on a microscopic comparator, one tube of 
which read upon the film, while the other read upon a fixed glass scale 
ruled to 01 mm., 0°01 mm. being estimated. A routine series of 
measurements for one determination of the latent period is given in full 
below. 


Exp. 3. B,. First reading Second reading 
 Exeiting current 70°58 ,, 63-91 ,, 
12°37 ,, 12°37 ,, 
Zero line 82°96 ,, 76°29 ,, 
Beginning of contraction 58°67 ,, 51°96 ,, 
24-29 ” 24 33 ” 
Zero to contraction a ai 24-31 mm. 
Zero to current... 12°87 _,, 
Latent period ..... 1194 ,, 
Distance travelled by film in 5 p.v. of taning fork (i.e. 0°025 sec.). 
First reading Second reading 
66°71 mm. 70°86 mm. 
58°65 ” 57°80 ” 
13-06 13-06 


13-06 mm. = 0°025 sec. 
1 » 0001914 sec, 
11-94 ,, =0-02285 sec.=Jatent period for B,. 
From a similar series of measurements 0-01755 sec. = latent period for B,. 


7. Maintenance of temperature. The electrodes containing the 
muscle and nerve were placed in a large lagged water-bath (e, Fig. 2) 
and projected (at d, Fig. 2) through a hole in the bath just far enough 
to allow the glass rod (/, Fig. 2, H, Fig. 1) to escape for attachment to 
the recording lever. In every experiment two determinations of the 


4 
Difference between latent periods ... 0°0053 sec. =conduction time. 4 
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rate of conduction were first made at a moderately low temperature 
(8° to 9° C.), an interval of ten minutes being allowed to pass between the 
two determinations. The water in the bath was then replaced by water 
at a temperature 10° higher than that previously used, and an interval 
of thirty minutes was allowed to elapse for the electrodes to assume 
the new temperature, the water being frequently stirred and maintained 
at the temperature required. Two determinations were then made 
at the higher temperature. The whole operation was then repeated. 


RESULTS. 
The results of all the experiments made are given in the tables 
below. In each experiment two values of the quotient 


velocity at 7'n + 10 
velocity at 7'n 


are given. The first of these (a) is obtained by using the mean of 
observations A, B, E, F for the velocity at 7'n, and the mean of C, D for 
the velocity at 7n+10. The second value (0) uses C, D, G, H for 
Tn+10 and £, F for Tn. The actual velocities are not shown in the 
tables, conduction-times only being given, but the length of nerve (/) 
between the two cathodes is shown for each experiment so that the 
velocities can easily be calculated. The length of the nerve was always 
measured while it lay in the animal, the limb being fully extended. 
The mean rate of conduction at 8° to 9° C. is found to be 16°3 metres 
per second, that at 18° to 19° C. is 28°6 metres per second. 

The criterion of the reliability of each value found for the quotient 
must without doubt be sought in the extent to which the observations 
on whose mean it depends differ among themselves. For example it is 
clear that the value obtained from Exp. 5 }, in which the observations 
of the conduction-time at 18°55° C. are 0:0023, 0°0025, 00022, and 
00028 sec., and those at 8°55°C. are 0°0044 and 0°0045 sec., is one on 
which much reliance can be placed, while such a case as Exp. 1 }, in 
which the conduction-times at 189°C. are 0:0037, 0:0088, 00055 and 


00048 sec. and those at 89° C. are 00103 and 00077 sec., is of | 


relatively small value. I have accordingly arranged the values 
obtained in the order of their reliability as judged by this criterion’, 
* The actual method used is to find for each set of observations belonging to one 


temperature the mean value, and then determine the sum of the squares of the residuals. 
The smaller this sum, the more reliable the set of observations is taken to be. 
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Exp. 1. 
i=80 mm. 


Exp. 3. 
l=75 mm. 


Exp. 4. 
1=95 mm. 


Exp. 5. 
i=75 mm. 
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18-2 00034 


: 


® 


165 


2-08 


. 205 


1°64 


1°68 


1-67 


1-64 


1°93 


1-98 


1°78 


1°91 


1°50 


Conduetion- Velocity at Tn+10 
0-0066 a 
0-0087 
0-0088 a 
0-0103 
00077 
0-0055 
0-0048 
Exp. 2. 
1=80 mm. C. 0-0047 sec. q 
0-0044 
00027 
0-0031 a. 
0-0048 
0-0051 
. = 
| 
a. 
| 
3 
Exp. 6. 
1=85 mm. C. sec, 
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In the following table the reliability decreases from above down- 
wards. 


Number and Range tf 
5b C. to 18°55° C 1-91 
4b 90 to 11 1°98 
4a 90 +%t 1 1-93 
6b 8-1 to 18°1 1°65 
2a 80 164 
2b 8-1 to 1-68 
8b 81 180 1-64 
8a 81 to 18-0 1°67 
6a 8-0 to 18°15 1°50 
1b 8-9 to 18-9 2-05 
la 88 to 18°8 2-08 

Mean 1°79 


The mean value 1°79 is almost identical with the value 1°78 found 
by Maxwell for conduction in molluscan nerve. 

But the observations present one peculiarity to which I feel bound 
to call attention, though I have no explanation to offer. Examination 
of the table shows that the more reliable determinations fall into two 
quite distinct groups, one ranging from 1°91 to 1°98, the other from 
164 to 1°68. Only the less reliable determinations are intermediate 
between these groups. Now if we examine these intermediate values, 
namely 5a, 6a, 16 and 1a, we find that in the observations that go 
to form each of them there is one very divergent figure. For example 
in 5a the conduction-times at 86°C. are 00037, 0:0045, 0:0044 and 
00045, those at 18°55°C. are 0:0023 and 00025. If we reject the value 
00037, as being probably erroneous because it does not agree with 
the other determinations at the same temperature, we have a very 
concordant series of values for each temperature, and the resulting 
value of the coefficient is 1°87, a value which approximates closely to 
the group 1°91 to 1:98. In the same way Exp. 6a yields 1°58 on 
elimination of observation B, Exp. 1a yields 1°89 on elimination of 
observation HZ, and the only intermediate determination left is 1) 
(1°78), in which the observations are very divergent: all through. If 
now we assume these rejections to’ have been made, we get 


(excepting the value 1-73 from Exp. 16) two groups of observations 
as follows :— 
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5a 187 6a 1°58 
5b 1°91 6b 165 
4b 1°98 2a 164 
4a 1°93 2b 1°68 
la 1°89 3b 1°64 
8a 1°67 

Mean 1°92 Mean 1°64 


What may be the cause of this grouping, whether merely chance or 
not, I do not pretend to say. The small difference of temperature 


range 
_ (for the 1°92 group the lower temperature was 8°5° to 9°0°, and for the 


164 group it was 80° or 81°) seems quite inadequate to explain so 
distinct a separation. 
SUMMARY AND CONCLUSIONS. 


. velocity at Tn +10 
Determination of the quotient for various 


processes which go on in muscle and nerve may serve to establish 
distinctions between such of those processes as cannot be differentiated 
by other means. | 

For Tn= 80° to 90° C. the quotient is found to have a mean 
value of 1°79 for the velocity of conduction in amphibian nerve, 

This value agrees closely with 1°78 found by Maxwell for conduction 
in molluscan nerve, and with 1:79 to 201 found by Woolley for 
conduction in amphibian striated muscle. The agreement suggests that 
probably the conduction process is of a similar nature in muscle and 
in nerve. And further the evidence which Woolley brings of the 
difference between the coefficients for conduction and for the latent 
period (1°79 to 201 and 3°26 to 3°30 respectively) strengthens the 
supposition, in support of which there exists already other evidence, 
that conduction in muscle is a propagation not of the contractile change, 
but of an independent disturbance which calls up the contractile change 
at each point on its passage. 

It is interesting to note the great divergence between the coefficient 
for conduction in nerve and that which Bazett finds for the refractory 
period in the same tissue, namely 3°6. A similar difference between the 
two coefficients occurs also in amphibian striated muscle. At this early 
stage of the enquiry it would be premature to attempt any inference as 
to the meaning of the refractory period. 
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THE TEMPERATURE COEFFICIENT OF THE RATE 
OF CONDUCTION AND OF THE LATENT PERIOD 


IN MUSCLE. By V. J. WOOLLEY, Fellow of King's — 


College, Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


So far as I am aware, the only measurements of the rate of conduction 
in muscle at varying temperatures were made by Burdon Sanderson! 
who determined the rate of propagation of the electrical change in the 
uninjured frog’s sartorius. Two experiments are recorded in one of 
which the muscle was fresh, and in this case the rates of conduction 
at 17° C. and 7° C. were 32 and 14 decimetres per second respectively. 

In the following experiments I have made no attempt to determine 
the actual velocity of the impulse, but have only measured the times 
taken at various temperatures by the contraction wave in traversing 
the distance between two points on the length of the muscle. For this 
purpose I made use of an apparatus designed by Mr Keith Lucas and 
described in his paper “On the conducted disturbance in muscle’.” 
In this apparatus, two light levers rest on the surface of the sartorius 
muscle which is immersed in Ringer's solution. The levers are 
placed near the two ends of the muscle, the pelvic and the tibial, 
and the stimulating electrodes are applied between the pelvic lever 
and the pelvic attachment of the muscle. Each lever is lifted by 
the thickening of the muscle as the contraction wave passes over the 
spot on which it rests, and this movement is registered by the 
reflection of a beam of light on to a moving photographic plate by 
a galvanometer mirror carried on the axis of the lever. 

The muscle rests on the bottom of an ebonite trough through which 
Ringer's solution of any desired temperature can be run, and is always 
completely immersed in the liquid. | 


1 This Journal, xx. p. 847. 1898, 
* Ibid. xxxrv. p. 51. 1906. 
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Stimulation was always effected by a break induction shock, and in 
the later experiments the break-key took the form of a bar which 
partially obscured the source of light. When break of the circuit 
occurred the illumination increased and so gave a zero from which the 
arrival of the contraction at the two levers was measured. Since the 
distance between the stimulating electrodes and the pelvic lever was 
very small, generally about 1 mm., the time which elapsed between 
the passage of the shock and the appearance of the contraction at 
this lever may be regarded as the latent period of the contraction, 
while the further delay before the beginning of the contraction at 
the tibial lever gives the time of conduction of the contraction wave 
over the portion of muscle between the two levers. 

In making an experiment the Ringer’s solution in which the muscle 
was immersed was replaced by solution at a temperature which differed 
by about 2° C. from the temperature at which the experiment was to 
be made, the solution being warmer or colder than the latter tem- 
perature according as this latter temperature was higher or lower 
than that of the room. The trough and its contents were then allowed 
to cool or warm by radiation to the temperature desired. The tem- 
perature was shown by a thermometer divided in fifths of a degree. 
Below is a portion of the record of one experiment enlarged about three 
times. 


Fig. 1. 


The figure shows one observation made at 15° OC. and one at 5° C. 
The three upper lines of the figure constitute the observation at 15° 
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and are made by the spots of light reflected from the two levers and 
from a fixed mirror. The beam from the latter was interrupted by 
the swings of a short pendulum which thus marked the rate at which 
the drum was revolving when the observation was made. 

This is the lowest line of the three; the middle line records the 
movements of the pelvic lever and the uppermost line those of the 
tibial one. The passage of the exciting shock is marked by the sudden 
increase in illumination at A, which is produced by the movement out 
of the path of the light of the key which breaks the primary circuit. 

The three lower lines constitute a record of the latent period and 
conduction time at 5° C. and the three upper ones a record of these 
times at 15°C. The records were measured under a magnification 
of ten diameters by comparison with a glass scale divided to , mm., 
chy mm., being estimated. 

In the original negative from which the figure has been reproduced 
the following were the actual measurements of the times recorded for 
the lower tracing. 


5°C. Length of record corresponding to a complete 
double swing of the pendulum (lowest line) 48°01 mm. 
Length from A to B ... 148 mm. 
Length from A’to ...  ... mm. 


From these measurements it follows that the latent period is pro- 
portional to J48 or 0308 while the time of conduction between the 
two levers is proportional to A%* or ‘0885. : 

Omitting for convenience the decimal point, we can say that the 
experiment gives a latent period of 308 and a conduction time of 885. 

For the upper tracing, when the temperature of the muscle had 
been raised to 15°C., the latent period was reduced to 139 and the 
conduction time to 447. 

For the remainder of this paper I shall only give the calculated 
times in similar numbers, omitting the actual measurements made — 
on the film of the distances corresponding to them and to the speed 
of the drum. 

Out of the experiments made on the conduction-rate I have rejected 
all in which there was a discrepancy of more than 20°/, between the 
results obtained in any two consecutive observations at the same 
temperature. The observations were made in the order recorded, those 
in the first nine experiments alternately at temperatures differing by 
10° C. and those in the last three at temperatures differing by 5° C 
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No. of experiment 
1. R. Esculenta 


2. R. Temporaria 


8. R. Temporaria 


4. R. Temporaria 


5. R. Temporaria 


PL. XXXVII. 


Temperature 
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BESS S282 


1078 


2°03 
2-00 
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4 
5° 1168 
* 15° 722 1°68 3 
j 1262 1°77 
15° 703 1-78 
1238 
53° 470 7 
5° 2-04 
15° 
6° 
15° 2-08 
5° 2°28 
| 15° 2°75 
10° 
20° 1 ‘63 
10° 
g° 
18° 1°52 
8° 1°53 
18° 161 a 
8° 1-71 
18° 1-72 | 
8°5° 1°65 
18°5° 4 
5° 1°56 
1°40 
5° 1-32 
15° 
10° 
20° 1-48 
10° 1:60 
20° 
6. R. Esculenta 5° 
3 15° 2°28 | 
5° 2°25 
152° 2°16 
5° 
6° 1004 
16° 510 
6° 1065 4 
16° 5655 3 
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No. of experiment Temperature time Coefficient em 
7. R. Esculenta 5° 1150 463 
15° 560 2°09 148 
5° 1191 2°31 529 
15° 472 2°40 182 
5° 1078 508 
10° 726 265 
20° 482 1:46 94 
10° 681 381 
8. R. Esculenta 5 416 
15° 177 
5° 439 
15° 170 
5° 496 
15° 170 
10° 580 354 
20° 340 1-63 127 
10° 580 1-62 366 
20° 877 141 
9. R. Temporaria 5°2° 507 
15° 258 1-95 
5° 501 
10. R. Esculenta 5° 964 347 
15°2° 528 1-99 83 
5° 1184 2-09 362 
10° 777 227 
20° 427 1-92 57 4°47 3 
10° 868 284 2 
ll. R. Esculenta 5° 1260 475 
10° 922 253 
15° 607 2-09 186 3-21 ¥ 
20° 392 1-96 88 3°37 
15° 525 163 
10° 776 10-20" 261 
5° 1108 2°17 644 2°92 
10° 924 2°10 395 3-48 
| 599 219 
| 20° 419 108 a 
12, R. Esculenta 5° 
10° 661 939 es 
15° 447 189 
20° 310 2°18 81 
15° 531 1-94 172 2°80 
| 10° 662 963 
5° 1075 486 
718 817 
15° 555 
20° 403 
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The former were directed especially to the determination of the tem- 
perature coefficient of the processes concerned, and the latter to the 
construction of a curve with temperature ordinates and time abscissae 
in order to see if any constant relation could be found between the 
times and the temperature. The estimation of the latent period was 
not possible in the first six experiments as the method used for 
recording the moment of excitation was not employed in them. To 
obtain the temperature coefficient for any given pair of temperatures, 
the most accurate method seems to be to determine the ratio between 
the time determined for one temperature and the mean of the two 
times determined before and after it at the other temperature. In the 
tables the coefficient given opposite to any one measurement is the 
ratio between this measurement and the mean of the measurements 
made before and after it at temperatures differing from the first 
by 10°C. 

In the case of the last two experiments the coefficients have been 
calculated by determining the ratios of the mean of observations 3 
and 5 to the mean of observations 1 and 7 and of 7 to the mean of 
5 and 9 for the 5°—15° coefficient, and similarly for the coefficient — 
for the range from 10° to 20°. 

I have omitted the coefficients obtained for the 5°—15° range in the 
last experiment because of the discrepancy between the two obser- 
vations taken at 5°. 

If we now tabulate the mean values obtained in each muscle 
examined, we obtain the following result : 


Conduction-coefficient Latent-period-coefficient 
No, range 5 —15° 10°—20° 
5—15° 1°74 
2. 5—15° 201 
5—15° 2°37 
10—20° 163 
4. 8—18° 1°62 
5. 16° 1°47 
10—20° 1°54 
5—15° 2°23 
10—20° 201 
7. 5—15° 2°27 8°14 
10—20° 1°46 8°17 
8. 56—15° 2°65 
10—20° 1°62 2°78 
10. 5—15° 2°04 3°94 
10—20° 1°92 4°47 
11, 5—15° 2°02 3°29 
10—20° 2°13 8°17 
12. 10—20° 2°03 2°93 
Mean values 2°01 1°79 8°34 8°51 
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The latent period measurements given do not necessarily agree 
within the margin of 20°/, which I have made the limit for the 
recorded measurements of conduction times, but notwithstanding 


this I think that the results show clearly that the temperature co-. 


efficient for the latent period is markedly higher than that for the 
rate of conduction, the highest coefficient for the rate of conduction 
being 2°37 while the lowest for the latent period is 2°65. 

In the following diagram I have plotted the values obtained for all 
the measurements made at 5°, 10°, 15° and 20°. The average value 
obtained for the conduction time at 15° has been taken as 100 in each 
experiment and all the other measurements in that experiment have 
been reduced in the same proportion. Each measurement is shown by 


a dot on the diagram and the curves are drawn through the average 
values at each temperature. 


Fig. 2. 


The divergence of the values obtained for the coefficients in the 


various experiments is difficult to account for. The supposition that .. 


it might be due to errors of measurement seems negatived by the 
fairly close agreement which is seen to exist between all the coefficients 
calculated in any one experiment for one range of temperature. It 
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must therefore be due to some differences in the state of the muscles 
used, though I have no evidence as to the nature of these differences. 


In conclusion I must express my warmest thanks to Mr Keith 


Lueas, not only for the loan of his apparatus, but for numerous in- 


valuable suggestions and criticisms. 


SUMMARY. 


1. The temperature coefficient for the rate of conduction of the 
contraction wave in the frog’s sartorius ranged in the different muscles 
examined from 1:46 to 2°37, the mean values being 2-01 for the rates at 
5° C. and 15° ©. and 1°79 for the rates at 10° C. and 20° C. 

2. The temperature coefficient for the latent period of contraction 
in the same muscle ranged from 2°65 to 4°47, the mean values being 
3°34 for the 5°—15° C. ratio and 3°51 for the ratio at 10°—20° C. 
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THE ACTION OF OPTICAL ISOMERS. III. ADRENALIN. 
By ARTHUR R. CUSHNY, M.D., F.RS. 


(From the Pharmacological Laboratory, University College, London-) 


In the case of two alkaloids, hyoscyamine’ and hyoscine*, I have 
been able to demonstrate that the natural levorotary base possesses an 
altogether different action on the tissues from the dextrorotary one. 
In the first instance a comparison with the pure d-hyoscyamine was 
possible, while as d-hyogcine has not been prepared, |-hyoscine was 
compared with the racemic alkaloid and the action of d-hyoscine 
inferred from their difference. It was found that ]-hyoscine acted about 
twice as strongly as racemic on the secretory glands and the inhibitory 
cardiac mechanism, and the conclusion was drawn that d-hyoscine is 
devoid of action on these organs. On the other hand it acts equally 
strongly with l-hyoscine on the central nervous system in man and on 
the motor nerve ends in frogs, for here the lmvorotary base was not 
found to exceed the racemic in power. That this deduction was 
justifiable had been demonstrated in the case of the hyoscyamines in 
which |-hyoscyamine was found to act twice as powerfully as the 
racemic base (atropine) on nerve terminations, and the inference that 
d-hyoscyamine is practically inert was subsequently proved correct by 
the examination of this alkaloid. 

An opportunity to investigate another pair of isomers was offered 
by the formation of a synthetic suprarenin or adrenalin by Stolz® 
through the reduction of methyl-aminoacetylpyrocatechin. This 
artificial base appears to be chemically identical with adrenalin in all 
respects except that it is optically inactive, while the natural body 
obtained from the suprarenal glands is levorotary (ap>=—48°) according 
to Pauly. The relation between the natural and synthetic bases is 
therefore precisely the same as that between hyoscyamine and atropine 

1 This Journal, xxx. p. 176. | 

* This Journal, xxx. p. 501. 

3 Naturforscher lung, Stuttgart, 19 Sept. 1906, Pharm. Ztg. 1906, No. 80. - 
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or between l|-hyoscine and racemic hyoscine or atroscine. The two 
bodies have been compared in a number of clinical observations, but in 
none of these were the methods used capable of determining small 
differences in activity. Biberfeld' has also examined them in animal 
experiments and states that they are exactly equivalent. He 
determined the minimal quantity of each required to raise the blood- 
pressure in rabbits when injected intravenously, and the lowest 
concentrations that dilated the pupil of enucleated frogs’ eyes, and 
induced rigor in muscle fibres. The minimal lethal dose and the action 
in causing glycosuria, were also compared. He finds that the synthetic 
racemic body has exactly the same activity as the natural levorotary 
one, and from this the conclusion would follow that the tissues acted on 
by adrenalin have no greater affinity for the levorotary than for the 
dextrorotary base. They thus show a different reaction from that 
exhibited by the peripheral structures acted on by the alkaloids of the 
atropine series, and this difference is interesting enough to require 
further examination. 

I have therefore performed a number of experiments in which the 
relative activity of racemic and |-adrenalin* was compared. Adrenalin 
undergoes decomposition so rapidly in the tissues that it seemed 
advisable to examine only those effects that are immediately produced, 
and for this reason I have not repeated Biberfeld’s experiments on 
the fatal dose and on glycosuria, but have confined my attention to the 
effects on the blood-pressure, that is to the action on the myoneural 
junctions in the arterioles. The effects can be gauged more accurately 
here than elsewhere, and when small! quantities are injected, the action 
passes off so rapidly that a large number of estimations can be made on 
the same animal. 

The preparations used were the natural suprarenin obtained from 
the glands and the synthetic suprarenin, both prepared by Meister 
Lucius and Briining. In some experiments I used the solutions 
supplied by the firm, in others I prepared the solutions from the solid 
hydrochloride or from the base by the addition of hydrochloric acid. 
In most experiments the solutions were made up in the proportion of 
one of the base to 100,000 salt solution, in others one to 50,000 or one 
to 25,000, in each case calculated from the base and not from the salt. 


1 Med. Klinik, 1906, No. 45. 
2 The bodies used were really “ suprarenin,” but as natural suprarenin is identical 
with adrenalin and the latter is the more familiar term I have adopted it throughout. 
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Adrenalin prepared by Parke Davis and Co. was found to be identical 
in effect with natural or l-suprarenin. 

The natural suprarenin dissolved in acetic acid gave a specific 
rotation of — 42°25°, which in consideration of the slight coloration of the 
fluid is a sufficiently close approximation to the ~ 43° of Pauly. The 
synthetic was optically inactive. 


The blood-pressure was measured in the carotid of dogs which were anmsthetised by 
means of morphine and paraldehyde, a few drops of chloroform often being given to 
hasten the anwsthesia, but being stopped before the observations began. In order to 
eliminate the cardiac inhibition induced by the rise of pressure under the drng, the 
vagi were divided, and artificial respiration was used to avoid any asphyxial condition 
being im@meed in the vaso-motor centre by the change in the respiration after section of 
the vag, A cannula was inserted into a branch of the jugular vein and close to the main 
stem so that no dead space intervened between it and the current of blood in the jugular 
which was uninterrupted. The solutions were measured in pipettes calibrated to ;}, ¢.c. 
and were injected through this cannula, care being taken that the whole contents of the 
syringe and cannula were injected each time. Before the next injection salt solution was 
driven in to wash out any of the injection which might cling to the cannula. The rate of 
injection was kept as constant as possible throughout an experiment and the interval 
between two injections was also kept equal throughout. The blood-pressure had of course 
returned te the normal long before a fresh injection was made. The solutions of the two 
substances to be compared were injected alternately and the bulk of each was rendered 
equal by the addition of saline when necessary. 


When due care is taken, the uniformity of the reaction of the blood- 
pressure to equal doses of adrenalin and its sensitiveness to compara- 
tively small changes in the dose are very remarkable. Different 
methods of procedure all gave the same final results, but the most 
readily appreciated were obtained by first comparing the effects of 1 c.c. 
of each solution of 1 : 100,000 and then decreasing the dose of the 
stronger and increasing that of the weaker in successive injections until 
the proportions in which each induced the same rise of pressure were 
ascertained. In other experiments the dose of the stronger preparation 
injected alternately remained unchanged throughout, while that of the 
weaker was raised step by step until the tracing following its injection 
corresponded exactly to that obtained from the stronger principle. 
But whatever sequence was adopted the results were uniformly the 
same :—the natural levorotary base caused a much greater rise in the 
blood-pressure than the synthetic racemic one, and in order to obtain 
equal results from the two bodies, the synthetic had to be injected in 
approximately twice the quantity. I have reproduced in Fig. 1 the 
medium blood-pressure in some of the injections of such an experiment. 
The unbroken lines represent the effects of l-adrenalin, the dotted those 
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of r-adrenalin. The injections of the 1 : 100,000 solutions were made 
in the following order: 1 c.c. L (A in the figure), 1 cc. R (B in fig.), 
08 ac. L, 12 cc. R, 0-7 cc. L (C in fig.), 14 cc. R (€ in fig.), 06 L and 
16 R. It was impossible to reproduce each of these in the figure 
without confusion. But the difference between 1 c.c, L- and 1 cc. 
R-suprarenin is well shown. The succeeding tracings approached each 
other, until 1-4 R and 07 L were practically identical and then they 
diverged again 1°6 R being considerably stronger than 0°6 L. | 


Fig. 2. 


In Figs. 2 and 3, blood-pressure tracings are given from a dog under 
adrenalin (the line of zero pressure lay about 6 cm. below the signal 
line and the time is marked in 5 second intervals). In Fig. 2, 2 c.c. of 
a 1: 100,000 solution of the synthetic base was injected, in Fig. 3, 
1 cc. of a similar solution of the natural base along with 1 cc. of 
saline. The tracings are practically identical in form and height. 
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These results have been so uniform in my experiments that I have 
no hesitation in stating that in the dog natural adrenalin has 
practically twice as much effect on the blood-pressure as its synthetic 
isomer. 

In Biberfeld’s first paper no details are given so that it is 
difficult to suggest why ‘his results are so divergent from mine. Ina 
later paper’ ‘he ‘gives the rise of pressure in a rabbit after alternate 
injections of synthetic and natural suprarenin solutions, which had 
stood for eighteen days, the quantity rising from 0001 mg. to 0017 mg. 
in successive steps. In each case it is noteworthy that the synthetic 
product raised the blood-pressure less than the natural base except 
when 0017 mg. was used, when the rise was exactly equal. The 
difference is comparatively small, but its constant presence might 
suggest some other factor than merely the unavoidable error in 
experiment to which he ascribes it. He does not state that the vagi 
were divided, and it is possible that the cardiac inhibition from the 
rise in pressure may have complicated the conditions, this being more 
marked with the more distinct rise of pressure. To determine the 
cause of the discrepancy I have taken a number of tracings in rabbits 
anzsthetised with paraldehyde. The manometer was connected with 
the carotid artery, the vagi were divided, artificial respiration performed 
and injections were made into the jugular vein. I first attempted to 
determine the minimal amount of suprarenin necessary to raise the 
blood-pressure, the method first adopted by Biberfeld, but found this 
quite indefinite, because as the rise in pressure diminished, the effects 
of the injection of saline became more marked and it was finally 
impossible to discriminate between them. In addition the rabbit very 
readily acquires tolerance for suprarenin, so that after a very small dose 
had caused a feeble rise in pressure, twice as much of the same 
preparation had often no more effect a few minutes afterwards. This 
rapidly acquired tolerance for adrenalin has also been noted in the 
herbivora by Elliott*, But though the rabbit seemed less suitable for 
exact measurement than the dog, there can be no question that in my 
tracings the levorotary base is much more powerful than the racemic. 
It would be difficult to determine whether it is exactly twice as strong, 
however. An additional objection to the method of estimating the 
activity by the minimal active dose is met with in the dog from the 
fact that here the pressor effect is not infrequently followed by a 


* Pharmaceutical Journal, 16th May, 1908, p. 626. 
® This Journal, xxxu. p. 448, 
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depressor effect, and the latter often increases in relative extent as the 
minimal dose is approached. 

The results of my experiments thus indicated clearly that the 
synthetic adrenalin has only one-half the influence on the blood- 
pressure that the natural levorotary possesses, and the divergent results 
obtained by Biberfeld may be explained by the methods he adopted. 
The parallel between adrenalin and hyoscine and hyoscyamine is thus 
complete, and the inference may be drawn that here also the |-adrenalin 
alone is active while the d-adrenalin is practically devoid of vasocon- 
strictor power’. I have been able to verify this inference through the 
generosity of the Hechst chemical company, who have put at my 


disposal.a preparation formed by the partial separation of d-adrenalin 
from the racemic:compound. The solution sent me is stated to contain 
a mixture of approximately three parts of d-adrenalin and one part 


Fig. 4. Fig. 5. 

Fig. 4 represents the effect of 1 c.c. of r-suprarenin 1 : 50,000. 

Fig. 5 that of 1 c.c. of this dextrorotary substance 1 : 25,000 injected five minutes later. 
In each case the zero line lies about 40 mm. below the time line. The effect of the two 
is practically identical. 
of l-adrenalin. If the dextrorotary form is practically without action 
on the vessels, this solution should have only one-half of the vasocon- 
strictor action of r-adrenalin, which consists of equal parts of d- and 
l-adrenalin, and one-fourth the action of l-adrenalin. On testing this 
preparation against these others, I find that approximately four times 
as large a dose of the dextrorotary solution is required to induce the 
effect of l-adrenalin and similarly that the dextrorotary solution is only 
one-half as powerful as the racemic body. 

Here again I find my results apparently at variance with those of 


1 A note to this effect was read at the meeting of the Physiological Society on 
March 2ist, 1908. 
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Biberfeld, who states’ that this solution, which was supplied to him 
also, was of equal activity with that of the levorotary base. I am quite 
unable to. accept this statement, which again seems based on the 
measurement of the minimal active dose in the rabbit, a method which 
I find quite fallacious. 

My experiments on the blood-pressure thus indicate that l-adrenalin 
possesses the well-known action on the vessels while the dextrorotary 
isomer is inactive, and the synthetic racemic form being composed of 
equal parts of each acts with one-half the strength of the natural I-form. 
This may be extended to embrace the other organs on which adrenalin 
exerts its action, though I have not investigated these.. The “receptive 
substance” affected by adrenalin is thus able to discriminate between 
the optical isomers in the same way as that susceptible to hyoscyamine 
and hyoscine. 

This discrimination between optically active isomers is known to 
occur in chemistry only in the case of bodies which are themselves 
optically active, and it thay be inferred legitimately that the receptive 
bodies for these alkaloids are themselves optically active and enter into 
a combination with the levorotary bodies, which is in some way different 
from that formed with the dextrorotary. Whether these optically active 
receptive bodies are themselves levorotary or dextrorotary cannot 
be inferred from their reactions with these levorotary alkaloids, for 
a levorotary acid may react preferentially with the levorotary isomer 
of ohe base and with the dextrorotary of another. And in fact it is 
noteworthy that while these receptive substances do not seem to be 
altered by the presence of the dextrorotary hyoscyamine and adrenalin, 
they do present changes with certain other dextrorotary bases, and that 
these last are pilocarpine and ergotoxine, the antagonists of levorotary 
adrenalin and hyoscyamine. It seems possible that this may throw 
some light on the antagonism of these bodies, but until more is learnt 
of the chemical relationship involved in the combinations of such 
optically active bodies, it is futile to enter into speculation regarding 
the nature of their antagonism in the receptive bodies of the tissues. 
In the case of one of these the problem is further complicated by the 
fact that it also combines with an optically inactive base, muscarine. 

Some curious anomalies were observed in the course of a series of 
injections in one dog. There was a slow progressive rise in the blood- 
pressure which commenced before the injections began and appeared to 
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be quite independent of them. The first injections made when the 
blood-pressure was of normal height, were followed by a pure pressor 
effect, but later as the pressure rose the pressor action was followed by 
a marked depressor phase and finally the latter predominated. Later 
there was a sudden fall of blood-pressure from some unknown cause and 
subsequent injections were followed by the pressor action only, but, the 
slow rise of pressure again setting in, the depressor phase again became 
the more prominent feature (Figs. 6 and 7). Apparently the arteries 
were in a state of almost maximal contraction during the high pressure 
period and adrenalin could influence them only through its stimulation 


Fig. 6. 


Fig. 6. Depressor effect of 0°01 mg. adrenalin during high blood-pressure. 
Fig. 7. Pure pressor effect from 0-01 mg. adrenalin. This tracing was taken 
10 minutes after Fig. 6 and the blood-pressure had fallen 50 mm. 


of the vasodilator fibres. When they assumed a more normal calibre, 
the base acted on both constrictor and dilator functions but the former 
preponderated. In several other dogs there was a distinct tendency to 
a fall of blood-pressure following the primary vasoconstriction, especially 
when very small quantities of adrenalin were injected. 


SUMMARY. 


1. Natural or levo-adrenalin acts twice as strongly on the blood- 
pressure as synthetic or racemic adrenalin and presumably also upon 
the other organs affected by adrenalin. 


2. From this it is inferred that dextro-adrenalin is devoid of 
action on these tissues and this is confirmed by the examination of a 
partially isolated d-adrenalin. 
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3. The receptive substances acted on by adrenalin thus resemble 
those affected by hyoscine and hyoscyamine in the peripheral organs in 
that they discriminate between optical isomers of opposite sign. 


4. On the other hand these receptive substances are capable of 
reacting with dextrorotary bodies such as pilocarpine and ergotoxine. 
This agrees with the behaviour of optically active bodies towards each 
other in the tést-tube, in which an optically active body may combine 
either with one of the same sign or with one of the opposite sign. 
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THE STRUCTURE OF THE AUTONOMIC NERVOUS 
SYSTEM COMPARED WITH ITS FUNCTIONAL 
ACTIVITY. By C. U. ARIENS KAPPERS, Amsterdam. 


In different communications—first together with H. K. Anderson’, 
afterwards alone—Prof. Langley has described a form of reflex-action 
in the sympathetic system, which passes along motor paths only. 

It was first found occurring in the inferior mesenteric ganglion and 
hypogastric nerves?, then in the fibres connected with the superior and 
inferior cervical ganglion and those connected with the ganglion stel- 
latum*, In the latter work Prof. Langley remarks that according to 
him all reflexes in the sympathetic system isolated from the spinal cord 
are such axon-reflexes either in pre- or postganglionic fibres. 

In another communication Prof. Langley mentions that the same 
form of reflex or pseudo-reflex can be obtained from any part of the 
thoracic sympathetic’ and that in the pilo-motor phenomena the pre- 
ganglionic form of this reflex‘ might play an important rdéle. 

In his general summary* speaking of the preganglionic axon-reflexes, 
he says that it is impossible at present to say how far they are of 
importance in the normal working of the body, but that it cannot be 
doubted that in pathological conditions they come into play. As far as 
concerns the postganglionic axon-reflex he thinks that any strong local 
contraction or irritation may cause them, . 

As, however, Prof. Langley expresses some doubt about the normal 
occurring of axon-reflexes I would mention the following arguments to 
prove that this form of reflex or pseudo-reflex does not only occur under 


1 Journal of Physiology, xv. 1894. 

2 Volume jubilaire du cinquantenaire de la Soc. de Biol, 1899. 

* Journal of Physiology, xxv. 1900. 

5 The autonomic nervous system, Brain. 1903. 
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140 0. U. A. KAPPERS. 
normal circumstances but is even the prevailing form in the sympathetic 
system. 


Comparative studies of the motor nuclei of the oblongata show that 
during phylogenesis the cells of the motor nerves migrate from the 
place they originally occupy to other places, and that their way of 
migration is determinated by the direction whence the maximum of 
stimuli reaches the cells. 

So the eye muscle-nuclei, originally located near the base of the 
mid-brain or oblongata, shift dorsally, approaching the dorsal and 
pre-dorsal longitudinal bundles from which the greatest influence on 
their action proceeds. On the other hand the facial nucleus and the 
nucleus ambiguus, which in lower vertebrates are found near the floor of 
the fourth ventricle’, move in a venjral direction, chiefly under the 
influence of the cortico-bulbar tracts, as is proved by the fact that in 
all submammalia (where no pyramidal tract is present) they are still 
found partly or entirely at a higher level, whereas in mammals they are 
located near or in the ventral tegmentum, still indicating by the course 
of their knee-bent root-fibres their way of migration. Even there, if for 
some reason or other the pyramidal tracts are not developed, the facial 
nucleus keeps a more dorsal place*. The same movement of motor cells 
in the direction of the chief centres of influence is demonstrated by the 
accessorius-nucleus, which, originally located near the central canal, is 
found first in a lateral position in birds, where the equilibrium-fibres of 
the lateral tract (“aberrierendes Seitenstrangbtindel”) are much in- 
creased in importance, and apparently have attracted the nucleus of the 
trapezius-muscle in this direction. 

Referring for further details concerning these phenomena of neuro- 
biotaxis to my former papers on this subject, I only wish to state here 
that, from what we see during the evolution of the central nervous 
system, it is obvious that the motor cells migrate in the direction 
whence they get the greatest quantity of stimuli. 

If from this point of view we consider the structure of the autonomic 
system, we are struck by the following facts: First, that its cellular 
elements are all of motor character, their axis cylinders finishing in 
glandular or muscular tissue, whereas the purely sensory path of the 
viscera most probably is like that of the soma, viz. it possesses only one 
cell on its course to the spinal cord—an intervertebral ganglion cell : 
or in other words the migration of motor cells is not accompanied by 


? Neurolog. Centrlb. No. 18. 1907. Folia neurobiologica, 1. Heft. 2 and 4. 1908. 
* Ariéns Kappers und H. Vogt, Neurol. Centribl. 1908. 
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a migration of sensory cells. From the phylogenetic studies of the 
cranial nerves, we know that the motor cells migrate in the direction of the 
most frequent and most important stimuli, or in other words the afferent 
way between the principal stimulating centre and the motor ganglion 
cells is shortened. In the central nervous system this way is shortened 
by the shortening of the dendrites of the motor cells along: which the 
impulses have to run; the efferent way of the cells, the axis cylinder, 
is elongated in consequence of this. Conversely, in the sympathetic 
system the distance between the motor cells and the centres of stimula- 
tion (viscera) is shortened by the shortening of the motor axis cylinders 
themselves—as at a distance where otherwise (in the somatic system) 
is only one very long axis cylinder, there are here more neurones 
(two, perhaps sometimes three). Now as it is not credible that in the 
central nervous system the migration should take place in the direction 
of the most frequent stimuli, and in the sympathetic system it 
should take place in the direction opposite the most frequent stimuli, 
we have to conclude from the structure of the sympathetic system that 
the most frequent stimulation of the motor sympathetic cells do not 
occur along the spinal cord but along the axis cylinders themselves, 
t.e. that the axon-reflex, so often demonstrated by Langley, is under 
normal conditions the prevailing reflex form in the sympathetic system 
and even has been the moving agent for the peculiar structure of this 
system. 

That the quantity of stimulation, which the sympathetic cells get by 
way of the sensory root, cannot be very large, is physiologically proved 
by the fact that under normal circumstances the intestines are not very 
sensitive to stimulation, and anatomically by the fact, that the sensory 
nerve endings in the intestines are less in number than the motor 
endings. 

It is obvious that the very peculiar developement of the sym- 
pathetic system is due to the hidden position of the viscera and the 
little change and little force of sensory stimulations to which they are 
exposed, It seems as if by the lack of real sensory stimulation the 
direct stimulation of the glands and the elongations and contractions of 
the intestinal muscles caused by a mass of food or whatever it is, have 
dominated the structure of this system. 

The second point to consider here. is the difference which the 
sympathetic system exhibits in different animals. 

As far as is known to me it has never been. explained why the 
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sympathetic ganglia of the cranial nerves (except the ciliary ganglion) 
develope later in phylogenesis than the other sympathetic ganglia, 
An attempt in this direction was made by ©. K. Hoffmann’, who 
argued that the cranial visceral nerves being mixed motor and sensory 
already in their origin, there could be no reason why. they should form 
special sympathetic ganglia outside of the brain, their own ganglia 
having already both qualities being cerebro-spinal and sympathetic at 
the same time. 

This theory is based on the supposition that union of sensory and 
motor fibres is necessary for sympathetic action, but even if this be 
true, the theory of Hoffmann does not explain why in the spinal system, 
beside the ganglia of the chain, prevertebrate and peripheral ganglia are 
formed, i.e. why cells migrate a great distance beyond the place of union, 
and this phenomenon is not seen in the cranial sympathetic system of 
Selachians. Moreover it does not explain why in reptiles, birds and 
mammals, where the constituents of the cranial roots are exactly the same 
as in Selachians, there are real cranial sympathetic ganglia, and why not 
in Selachians. It is obvious that Hoffmann’s attempt fails to explain 
the above mentioned peculiarities, which can be explained easily by 
considering the moving agent for the evolution of the sympathetic 
system in general. | 

If we compare the possibility of stimulation of the sensory endings 
of the cranial visceral nerves V, VII, IX, X in fishes with the possibility 
of stimulation of the spinal visceral branches, we find a great difference, 
at least as far as concerns the VII, IX and X, | 

The sensory end branches of these nerves are spread out over the 
gills and adjacent parts, which are much more exposed to strong stimuli 
than the sensory endings in the viscera themselves, entirely hidden as 
they are behind the body-wall. Even the stomach of fishes is exposed 
to pretty strong stimuli, as these animals do not chew their food but 
swallow it in its original form—smal] crustacea, small fishes—all of 
which can cause fairly strong stimuli to the mucosa of the mouth, the 
esophagus and stomach. As soon as the food has passed the stomach 
and entered the bowels it is weakened, and undigestible parts of it have 
been thrown out before, The bowels and other viscera are much less 
exposed to strong stimuli, the axon-reflex prevails over the sensory reflex 
and a true sympathetic system is formed. : | 


Aad, vam Wetenschappen, Amsterdam, tweede Sectie, Deel vir. p. 61. 


. 
4 
& 
a 
{ 4 
4 
> 
A. 


AUTONOMIC NERVOUS SYSTEM. 143 


That in all higher animals’ however a cranial sympathetic is present, 
is apparently due to the fact that in these animals the sensory roots of the 
above mentioned nerves are generally much smaller than the same roots 
in Selachians (O. Bender’). They are notably much less exposed to 
stimuli than in fishes, since gills are not present, and the organs which 
are formed from them are nearly all much more excluded from the outer 
world than the gills were originally ; further the lungs have been formed 
belonging to their sensory dominion, but entirely excluded from strong 
outer impulses, 

So much is certain: in fishes the viscera of the trunk are much more 
hidden and excluded from outer impulses than the mucosa of the head, 
and only in higher vertebrata the viscera originally belonging to the 
VII, IX and X acquire a deeper position’. 

Another feature of the autonomic system might find its explana- 
tion in the neurobiotactic influence of the axon stimulation: the 
fact that the more distant from the central nervous system, the 
greater is the amount of motor cells; these increase in number the 
farther they have migrated from their original place. 

It is obvious that the nearer the sympathetic cell lies to the spinal 
cord the greater still is the neurobiotactio influence of the common 
sensory (spinal) reflex arch, and the smaller is the neurobiotactic 
influence of the axon-reflex, because the ganglion-cells themselves are 
not, or at any rate very slightly, transgressible for the axon-reflex. 

Call the neurobiotactic potency of the sensory root resp, of the spinal 
cord a and the neurobictactic potency of the axon-reflex A. We 
know by the migration of the sympathetic motor ganglion-cells in the 
direction of the viscera that A is stronger than a. A and a are opposite 
neurobiotactic forees and A being the stronger‘, the moving factor in 
the direction of the viscera will be A —a. 


1 That amongst fishes a cranial sympathetic is present in Teleosts needs a further 
explanation. Can the protecting influence of the operculum covering the gills be 
enough to make the axon-reflex prevail above the sensory reflex? Dr Bender suggests 
that the fact that in Ganoids and Teleosts the mucosa is partly protected by bones should 
be a reason why the nerve endings are less stimulated there. 

2 Semon, Zoologische Forschungsreisen in Australien und dem Malayischen Archipel. 
1906, 

3 The fact that in all animals a ciliary ganglion is present is in perfect harmony with 
this explanation as the ocular part of the trigeminus sensibility, as far as concerns the 
interior of the eye (iris), is carefully excluded from strong stimuli. 

4 I do not believe that the neurobiotactic potency of the axon stimulation is greater 
stimulation probably occurs more often. 
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This, which could be called the neurobiotactic result, will have a 
greater value if A becomes greater or a smaller. There is no reason 
to believe that a really is smaller for the peripheral cells than for the 
central cells, but there is reason to believe that A is gre&ter for the 
postganglionic cell than for the ganglionic cell, the motor ganglion cells 
being hardly transgressible for the axon-reflex. 

In the more central neurone the neurobiotactic result (A - a) working 
on the sympathetic cell is relatively small but has a positive value, as 
is proved by the migration of the cell. In the postganglionic cells 
however A will have its full value as there is no blocking cell between 
the motor-ending and the cell. 

The physiological fact that A—a is greater for the postganglionic 
cell can find its anatomical revelation in three various ways: 

1. By a migration of more peripheral neurones than central 
neurones. 

2. By agreater shortening of the peripheral axis cylinders compared 
to the more central, especially the preganglionic axis cylinder. 

3. By a quicker migration, ontogenetically, of the peripheral cells 
than of the ganglionic cells. 

Of these three possibilities the two first seem to be realised, for 
Langley has found that the postganglionic cells are much more 
numerous than the ganglionic sympathetic cells, and as far as concerns 
the axis cylinders it is obvious that very often the axis cylinder of the 
peripheral neurones (as for instance those which form the plexuses of 
Auerbach’ and Meisner) is shorter than that of the more central 
ganglia, 

Concerning the third point no sufficient observations are made. 

On the whole we can say that the anatomical structure of the 
sympathetic system can be explained by its physiological peculiarities as 
found by Langley. That the explanation of its anatomical features is 
relatively easy here is due to simplicity of action of the system, the 
little variation of quality, and direction of stimuli acting on it. In the 
central nervous system the migration of cells and outgrowth of dendrites 
are generally much more difficult to explain, as the stimuli which come 
into play for them vary much more in quality and direction. 


Lastly I may call attention to an important matter which may 


be learnt from the sympathetic system, viz. that the so-called law of 


* These cells even seem to have acquired a great independency from the other 
sympathetic cells in adult life. It is however more than probable that originally 
migrated along the same path. a 
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dynamic polarisation (van Gehuchten, Cajal, Lugaro) cannot be 
considered as a law without exceptions. Though in most cases it 
may be true that the dendrites conduct the nerve impulse in the 
direction of the cell resp. of the axis, and the axis in the direction from 
the cell or from the dendrite, the function and structure of the sympa- 
thetic system prove that not only experimentally (Kiihne, Babouchin, 
Sherrington) but also physiologically there are exceptious'. For 
myself I am convinced that in normal conditions even the somatic 
motor roots always get centripetal stimuli from the muscles. Probably 
too a slight retrograde conduction is present in the central nervous 
system, though we have no means of demonstrating. 


1 Sherrington also seems to grant the physiological possibility of reversed conduc- 
tion, when he says : ‘* the explanation of the valved condition of the reflex circuit may lie 
in a synaptic membrane ‘more’ permeable in one direction than in the other” (The Inte- 
grative Action of the Nervous System, p. 39). 
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ON THE ASSIMILATION OF PROTEIN INTRODUCED 
PARENTERALLY". By W. CRAMER. 


(From the Physiology Department, University of Edinburgh.) 


THE problem of the assimilation of protein introduced parenterally is of 
interest because it has a bearing on the assimilation of protein from the 
intestinal canal. The views which are held with regard to the latter 
problem are of a most contradictory nature. The recent advance in the 
knowledge of the chemistry of the protein substances has drawn the 
attention of many workers to the amidoacids and polypeptides as the 
form in which proteins are assimilated. This view has received strong 
support from the fact that in laboratory experiments animals can be 
kept in a condition of nitrogenous equilibrium on a diet consisting of 
those lower products of protein hydrolysis. It is believed that in the 
intestinal canal the protein of the food must necessarily be broken 
down completely into its constituents before it is absorbed and that the 
protein of the organism is reconstructed again from these substances. 
The failure to find any products of protein hydrolysis in the blood has 
led to the assumption that the reconstruction is brought about by the 
cells of the mtestinal mucous membrane. 
| | According to this view the intestinal cells are differentiated from all 
| the other cells of the organism in having the power to transform the 
protein foreign to the organism into the protein peculiar to it and 

_ adapted to the chemical organisation of the body, namely the proteins 

of the serum and lymph. Under normal conditions the cells of the 

organism derive their nourishment as far as proteins are concerned 
solely from these substances, the chemical composition of which is kept 
constant, no matter what kind of protein is offered to the intestinal 
cells. The passage of unchanged protein of the food through the 
intestinal wall is treated as a pathological process. 


" This investigation was embodied in an essay, which was submitted to the faculty of 
medicine in April 1907, and was awarded the Ellis prize, 
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The standpoint outlined above ignores the results of the older 
experiments of Voit and Bauer’, of Eichhorst?, and of Czerny and 
Latschenberger®. These observers have shown conclusively that 
unchanged protein may be absorbed from the intestine and metabolised. 
Their conclusions are confirmed by the positive value which clinical 
experience assigns to alimentation by the rectum. 

That the assimilation of protein can be brought about by the 
organism without the aid of the intestine was clearly demonstrated by 
Forster‘, who showed that protein introduced parenterally is 
metabolised in the same way as if it had been introduced enterally. 
These observations have been confirmed and extended by the work of 
Sollmann and Brown‘, of Lommel’, and especially by the instructive 
experiments of Friedemann and Isaac’. Although these facts suggest 
that the mechanism which regulates the assimilation of protein is the 
same whether the protein is introduced enterally or parenterally, they 
do not throw any light on the nature of this mechanism. 

There is yet another aspect of this problem. The repeated parental 
introduction of proteins leads in some animals, e.g. rabbits, to a change 
in the serum, namely the formation of precipitins. The serum of an 
animal treated in this way gives a distinct precipitate in the presence 
of asmall quantity of the protein, which has been used in immunising the 
animal, The formation of a precipitate takes place only in vitro as was © 
first pointed out by Bashford*. No observer has been able to produce 
the formation of a precipitate in vivo, however highly immunised the 
animal may have been, and Hamburger® has shown that egg white if 
injected parenterally circulates as freely in the blood of an immune 
animal as in that of a normal animal. 

It follows that the existence of precipitins in the serum is not 
capable of bringing about a fixation of the parenterally introduced 
protein, and therefore their presence in the circulation seems to be 
devoid of protective importance analogous to the presence eg. of 
bacteriolysins or antitoxins in similar experiments with bacteria or 


’ Voit and Bauer, Zeitech. f. Biol. v. p. 562. 1869. 

* Eichhorst, Pfiiger’s Archiv, rv. p. 570. 1871. 

* Czerny and Latschenberger, Virchow's Archiv, u1x. p. 161. 1874. 

4 Forster, Zeitech. f. Biol. 1876 ; quoted from Friedemann and Isaac. 

5 Sollmann and Brown, Journ. of Exp. Med. v1. p. 207. 1901—1905. 

* Lommel, Archiv f. exp. Path. u. Pharm. tut. p. 50, 1907. 

7 Friedemann and Isaac, Zeitsch, f. exp. Path. u. Therapie, 1. p. 1. 1905, 11. p. 209. 
1906, viz. p. 880. 1907. 

® Bashford, Journ. of Path. and Bact., p. 52. 1902. 

® Hamburger, Wiener klin. Wochensch. xv. p. 1188. 1902. 


5 
‘ 
4 
| 
ba 
4 
~ 
é 
‘A 
> 
4 


148 Wi CRAMER... . 


toxins, This inference accords with the results of the work of Moll’ 
and of Welsh and Chapman’ ‘These observers have shown, that 
the homologous protein does not enter into the formation of the precipi- 


tate in vitro to any appreciable extent, if at all. Since the existence of 
the precipitins does not indicate an adaptation of the organisms, 
analogous to that taking place after the injection of toxins or bacteria or 
red blood corpuscles, one has to look to the fate of the protein introduced 
as giving indications of the true nature of the change. Curiously 
enough this aspect has been almost entirely neglected. Only two sets 
of observations on this point are on record, the results of which are 
diametrically opposed to each other. 

Hamburger’ stated that the albuminuria following upon injections 
of egg white into normal animals disappeared after the animals had 
received repeated injections of egg white. These observations were 
made only on a few rabbits and no details of the experiments are 
given. Oppenheimer‘, who repeated these experiments immediately 
afterwards in greater detail, was unable to corroborate Hamburger’s 
statements. The excretion of coagulable protein was quite irregular, 
and he arrived at the conclusion that it stood in no relation to the 
formation of precipitins. 

Although the problem is one of great interest, it has not been 
investigated again. Hamburger’ himself in his later papers bearing 
on the subject does not even mention this question and appears to have 
abandoned his standpoint, in consequence of Oppenheimer’s criticism. 

_ The original object of my investigations was to study the assimila- 
tion of protein introduced parenterally in normal and in immune 
animals, in order to decide whether the assimilation of protein is 
affected by the process of immunisation. But preliminary experiments 
on normal animals made it necessary to study more closely the conditions 
governing the assimilation of protein, when thus introduced. 

Methods. For these experiments full grown male rabbits of approxi- 
mately the same weight (1800—2200 grms.) were used. The animals were 
kept under observation for two to four days by examining the urine 
before subjecting them to an experiment. Two animals were found 
suffering from pathological albuminuria; in one animal a condition 
similar to Diabetes insipidus developed in the course of the experiments. 
These animals were excluded. 


' Moll, Beitriige 2. chem. Physiol. u. Pathol. rv. p. 678. 1908. 

* Welsh and Chapman, Proc. Roy. Soc. B, uxxyrtt. p. 297. 1906. 

* Hamburger, loc. cit. 

* Oppenheimer, Reitriige z. chem. Physiol. u. Pathol. tv. p. 268. 1903. 
* Hamburger, Arteigenheit und Assimilation. 1908. 
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The proteins used were egg white and ox serum. The parenteral 
introduction of these substances was brought about by intraperitoneal 
injection, Under suitable precautions, substances ‘can be adriiinistered 
repeatedly and over a long period in this way, the animals remaining 
perfectly healthy. The urine was collected every two days, a small 
amount of thymol being added. The amount of protein excreted in the 
urine was determined gravimetrically. The urine freed from coagulable 
protein was tested for albumoses by the ferrocyanide test. 


On the excretion of ow serum and egg white by normal 
The injection of ox serum in quantities up to 15 c.c. did not produce 
any albuminuria, After larger doses, 20—30c.c. of serum, the urine 
contained sometimes, but by no means regularly, traces of coagulable 
protein. The quantities excreted were however so small compared with 
those introduced, that it was obvious the protein had been assimilated 
almost entirely. 
After injections of egg white, even in small doses, coagulable protein 
appeared regularly in the urine. Both in these and in the following 
experiments albumoses could not as a rule be detected. In some cases 
the ferrocyanide test gave a slight turbidity indicating the presence of 
traces of non-coagulable protein, which, however, was not quantitatively 
determined. The amount of coagulable protein excreted is very variable 
and depends partly on external conditions, as will be shown later. In 
all the cases investigated the amount of protein introduced parenterally 
exceeded that excreted in the urine, as will be seen from the following 
examples. 


Excreted after 2 days 0°2115 grm. 
01240 
Total 0°3355 


After that period the urine was free from protein. 
Percentage of protein excreted 37°11 


2. Rabbit, weight 1990 grms. received intraperitoneally 1-3560 grms. egg white.  - 


Excreted after 2 days grm. 
% 01100 
Total 0°8528 


No more protein in the urine afterwards. 
Percentage of protein excreted 62°89 
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of the conditions which govern the variations in the amount of egg 


white assimilated, 
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8. Rabbit, weight 1820 grms. received intraperitoneally 1:3160 grms. egg white, 


Excreted after 2 days 02820 grm. 
0°0500 
Total 0-3820 
No more protein in urine afterwards. 


Percentage of protein excreted 25°22 


4 Rabbit, weight 1870 grms. received inteaperitoneally 1-3665 grms. egg white. 


Excreted after 2 days 0-9096 grm. CEE 
4 ” 03205 
Total 1-2801 

No more protein in the urine. 


Percentage of protein excreted 90°01 


The results of these experiments are in agreement with the observa- 


tions of Munk and Lewandowsky' and Sollmann and Brown* in 
showing that after the injection of egg white coagulable protein appears 
in the urine, the amount of which varies within very wide limits. In 
all the cases investigated the amount of pro 


tein introduced parenterally 
éxceeded that excreted in the urine. } 


While after injection of ox serum all the protein is assimilated, only 


a fraction of the protein of the egg white introduced into the peritoneal 
cavity undergoes assimilation, and this fraction can be measured by 
estimating the amount of cougulable protein excreted in the urine. 


Numerous experiments made at this stage failed to reveal the nature 


On the assimilation of egg white by immune animals as 


In these experiments rabbits were immunised against egg ‘white by 


repeated intraperitoneal injections. The amount of protein injected 
was kept constant from the beginning to the end of the immunisation 
and varied in different experiments from 10 c.c.—20 cc. of egg white. 
Each injection was performed only after the protein, excreted in conse- 
quence of the preceding injection, had disappeared from the urine. 
The results obtained by comparing the amount of. protein excreted 
by any one animal, in the course of the proceas of immunising it, agreed — 
with those of Oppenheimer. For instance, an animal would. excrete 
more protein after the fifth injection, than after the second or third, or 
even after the first injection. The excretion of protein was as irregular 


Munk and Lewandowsky, Archiv fAnat. u. Physiol., Suppl. p. 78. 1899. 


? Sollmann and Brown, loc. cit. 
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as that observed in a animals, and did not appear to indicate any 
difference in the metabolism of normal and immune animals. 

The experiments were then carried out on a larger seale. The 
protein excretion of two rabbits which had received previous injections 
of egg white was compared with that of a normal animal. All the 
animals were kept under the same external conditions and received at 
the same time an injection of 15 c.c. egg white. 


Rabbit I had received 10 injections of egg white previously. 


Rabbit II ”> 2 ” ” ” ” 
| Rabbit Lil no 9 ” ” ” 
_ After the injection of 10 ¢.c. of egg white the total amount of proteins excreted was: 
By Rabbit I 0-0769 grm. 
»» Rabbit II 0-2010 
Rabbit III vss 0°3355 


Seven days after this injection the animals received another injection of 10 c.c. egg 
white, the urine of all the animals then being free from protein. 
In this series the amount of protein excreted was : 


By Rabbit I 0-2711 grm. 
,, Rabbit IIT 0-7848 


On the one hand, it will be seen that in this last series the amount 
of protein excreted by each animal is higher than in the preceding one. 
On the other hand the behaviour of the animals exhibits a certain 
regularity, in so far as the animals which had been injected previously 
(I and II) excreted less protein than rabbit III. This difference is 
present in each series. 

_ Similar results were obtained in a second series of experiments. 

These. results pointed to variations in the experimental conditions. 
as factors influencing the excretion of egg white in some way. 
Further investigations showed that the excretion varied with the time 
when the injection was performed, and depended upon the stage of 
digestion at which the protein was introduced into the peritoneal 
cavity. 


both normal and immune. 


In these experiments the amount of protein, excreted by animals 
which had received the injection after fasting for 24 hours, was com- 
pared with the protein excretion in animals which had been fed, and 
had then received the injection five to six hours after the meal. 

In normal animals the following results were obtained 
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After an injection of 10 c.c. ega white a digesting rabbit excreted 0-1640 grm. protein. 
” ” ” fasting ” »»  0°3927 ” 

After an injection of 15 ¢.c. egg white a digesting rabbit excreted 08528 grm. protein. 

In immune animals the protein excretion is affected in the same 
manner by the stage of digestion at which the injection is given, as 
illustrated by the following experiments, 

A rabbit “A” which had received two previous injections of egg 
white received a third injection of 10 c.c. during digestion. 

Another rabbit “AB” which had been previously injected six times 
with 10 oc. egg white received the seventh injection while fasting and 
the eighth injection during digestion. The amount of protein excreted 
in each case is given in the following table :— 


Rabbit A. 
After 2nd injection Stage unknown 01869 grm. protein. 
ord Fasting 0-3404 
” 4th ” Digesting 0-0600 ” 
After 6th injection Stage unknown 00891 grm. protein. 
Fasting 05930 ee 


It is obvious that the stage of digestion exercises a profound 
influence on the excretion of the protein injected both in normal! and in 
immune animals. The variations introduced by this factor are so great 
that an immune animal in the fasting stage may excrete more protein 
than a normal animal injected during digestion. 

Therefore this factor mast be excluded if one wishes to study the 
fate of egg white introduced parenterally both in normal and in 
immune animals, Comparable results can only be obtained by per- 
forming the injection five to six hours after the meal. 

In this way the following results were obtained : 


Number of sanity 
injected injections First injection Last injection 

15 5 0-3610 grm. 00490 grm. 
15 4 03172 0 

16 4 03134 01412 

15 6 0°41387 0°1450 

15 6 02682 0 

15 5 0-2796 0-0390 

15 5 0°2782 0 


3 In the caserof 16 other rabbits which were immunised against egg 
white for other purposes by Dr Stewart and by myself, the protein 
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excretion in the urine after the first and last injection was determined 
by means of Esbach’s albuminometer. In every case care was taken 
to perform the injections under the same conditions, namely five to six 
hours after a meal. Although Esbach’s method does not give any 
accurate quantitative results, at any rate with the urine of rabbits, it 
indicates sufficiently well the striking difference between the excretion 
of protein by an immune rabbit and a normal rabbit respectively. 
Thus after injecting 15—20 cc. egg white into a normal rabbit the 
Esbach tube is more than half filled with the precipitate, while after 
four to six injections the precipitate may fill the bottom of the tube up 
to the markings “half” to “one” or it may be absent altogether. 

No blood was taken from any of the animals during the observations 
until the experiment was finished, as other observations had shown that 
bleeding affected the excretion of protein. 

The extent to which the excretion of egg white is diminished by 
previous injections is limited. The excretion of protein gradually falls 
until the fourth to sixth injection. Then it becomes stationary and is 
not further decreased by additional injections. 

In the case of ox serum no estimations were made as there is little 
if any protein excreted even by the normal animals. 

The experiments established the following facts: 

1. In rabbits egg white introduced parenterally is partly 
assimilated. The amount assimilated varies with the stage 
of digestion, in such a way that a greater proportion is 
assimilated, if the substance is introduced at the height 
of digestion, than if it is administered to a fasting animal. 

2. A rabbit after having received several injections of 
egg white acquires the power to assimilate more egg white, 
as illustrated by the diminished excretion of protein. This 
holds good only if the substance is administered at the height 
of digestion. If such an animal receives the protein while 
fasting it may excrete more, i.e. assimilate less egg white 
than a normal anima! at the height of digestion. 


On the excretion of egg white after previous injections of saline. 

The facts stated above indicate a departure from the normal 
metabolism in the case of immune animals. The question arises, what 
is the nature of this change and what are the factors concerned in it ? 
From the fact that it is manifested only under the experimental 
conditions described, we may conclude that it is not so much a general 
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change affecting all the cells of the organism as a change affecting only 
those cells concerned in the mechanism of digestion. Further, the 
difference between a normal and an immune animal is not one of 
kind but of degree. The difference in the protein excretion of a 
fasting normal animal and a digesting normal animal is comparable to 
that of a digesting normal animal and a digesting immune animal. 
Therefore it appears that the change distinguishing an immune animal 
is; at any rate partly, an exaggeration of the process taking place in a 
normal animal during digestion. These considerations led me to look 
to the leucocytosis taking place in the splanchnic area during digestion 
as one of the factors governing the excretion of egg white introduced 
into the peritoneal cavity. — 

In order to put this view to the test an experimental leucocytosis 
was produced in fasting animals by intraperitoneal injection of sterile 
saline. Egg white was introduced 16 hours afterwards. The protein 
- exeretion was compared with two normal rabbits, which had been 

injected with the same quantity of egg white, the one during digestion, 
the other while fasting. - 


Injection of 20 c.c. egg white into three normal rabbits. 


Total amount of protein excreted by : 
Fasting ” eee oon 1-3301 
In another experiment 15 ¢.c. were injected. 
Amount of protein excreted by : 
Fasting ,, 0°8884 
Fasting rabbit after saline a 0-6412 


Out of four series of experiments on 12 animals the results of three 
series were in agreement with the view detailed above, 

A third experiment gave similar results, while in a fourth series the 
rabbit treated with saline excreted slightly more protein than 
fasting animal. 

On the mechanism of the assimilation of egg white introduced 

parenterally. 

These experiments justify the conclusions, which have been arrived 
at on theoretical grounds and are in agreement with the observations 
of Michaelis and Oppenheimer’, which were confirmed by Hunter*. 


) * Michaelis and Oppenheimer, Archiv f, Anat. u. Physiol. Suppl, p. 886. 1902. 
* Hunter, This Journal, xxxn. p. 827. 1905. 


fe 
q 
2 
j 
| 
~ 
< 


PROTEIN ASSIMILATION. 155 


These observers found a leucocytosis to take place after intraperitoneal 
injections of proteins, the number of leucocytes increasing after each 
injection. Thus Hunter’s figures show a leucocytosis of 10,000 after 
the first injection, rising gradually to a leucocytosis of 30,000 after the 
sixth injection. At each successive inoculation there are therefore 
more leucocytes available to deal with the protein which has been 
introduced into the peritoneal cavity. The increase in number of 
leucocytes is however not unlimited; it becomes stationary after four 
to six injections. The excretion of protein shows, as we have seen, a 
corresponding behaviour. 

The way in which the protein is dealt with by the leucocytes may 
be either by phagocytosis, the white corpuscles ingesting the protein 
and elaborating it intracellularly, or it may be dealt with extracellularly 
by means of proteolytic ferments excreted by the leucocytes. If the 
second alternative be correct we should expect to find hydrolytic 
decomposition products of proteins in the urine. I have been unable 
to find any evidence of the existence of more than traces of albumoses 
in the urine after the injection of egg white or ox serum. Small 
quantities of non-coagulable protein were found to be present by 
Sollmann and Brown, but the bulk of the nitrogen introduced was 
excreted either as urea or as coagulable protein. It may be concluded 
then that in the absorption of protein from the peritoneal cavity the 
extracellular formation of albumoses is only of secondary importance 
and does not represent an essential feature of the process. 

- he balance of evidence favours the conclusion that the 
assimilation of egg white introduced parenterally is due, 
partly if not wholly, to protein being taken up by the leuco- 
cytes, while that portion of the egg white which is not 
assimilated by the leucocytes is excreted by the kidneys. 
From this standpoint the apparently paradoxical behaviour of egg 
white, as a substance partly “assimilable” and partly “non-assimilable,” 
is easily comprehended. 

_ On the nature of the protein excreted in the urine. 

"Phe protein which appears in the urine after the intraperitoneal 
injection of egg white is according to its physical and chemical 
properties part. of the injected egg white. Sume doubt has been 
thrown recently on this view by the fact, which I have been able to 


confirm, that the urine, if tested with an immune seruth for egg white, 
does not give a precipitate, and it has been concluded that the protein 
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of the urine is derived from the serum or the cells of the animal which 
has received the injection. | 

It was necessary therefore to investigate the behaviour of the 
protein of the urine towards an immune serum for rabbit's serum. No 
precipitate was formed. 

Further, if the urine containing albumen or the protein separated 
from the urine by salting out is injected repeatedly into rabbits and 
guinea-pigs, the sera of these animals do not contain a precipitin 
against either egg white or the protein prepared from the urine or 
rabbit's serum. 

Since it is generally held that the precipitin reaction depends upon 

some special group in the protein molecule which is specific for each 
sant it would follow that the protein of the urine is derived from 
egg white, which has undergone some chemical change. But a similar 
phenomenon could be observed in the case of crystallised egg albumen. 
If this substance is brought together with an immune serum against 
raw egg white, no precipitate is formed. ~ 

This result is not compatible with the view that the precipitin test 
indicates chemical differences, and further investigation has led to the 
conclusion that this view is nothing more than a preconception’. This 
subject will be dealt with in a separate communication. It is sufficient 
for the purpose of this paper to state that a negative precipitin test 
dves not necessarily indicate the absence of the protein for which the 
serum used for the test is specific. 

_ In view of its physical and chemical properties the protein excreted 
in the urine after intraperitoneal injections of egg white must be con- 


sidered to be part of the injected egg white. 


GENERAL Discussion. 


The results of this investigation -have shown that protein which 
has passed unchanged through the intestinal wall can be assimilated, 
Evidence has been adduced to show that this assimilation is brought 
about by the leucocytes ingesting the protein, _ 

This leads naturally to the question whether such an assimilation of 
unchanged protein takes place at all after a meal and whether the 
mechanism of the assimilation of the protein of the food from the 
intestinal canal is similar to the processes which regulate the assimila- 
tion of protein introduced into the peritoneal cavity. | 


ological Of thoes experiments as gives paper read before the 
Pathological Society of Great Britain and Ireland in June 1907, 7 | 
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The fact that the mechanism of the assimilation of protein from the 
peritoneal cavity works under the most favourable conditions after a 
meal suggests that unchanged protein is absorbed and assimilated 
under normal conditions. The passage of protein through the in- 
testinal wall has been believed to be an abnormal process against 
which the organism protects itself by the formation of precipitins and 
by the excretion of the protein in the urine. We know, however, that 
the precipitin reaction is a phenomenon restricted to some species, 
and that dogs, for instance, which do not produce precipitins are 
nevertheless able to assimilate protein introduced parenterally. In the 
case of rabbits we have shown that the existence of precipitins in the 
serum would not afford any protection against the protein introduced if 
such a protection were needed. 

Further, the passage of unchanged protein through the intestinal 
well appears to be quite a normal process as the occurrence of 
alimentary albuminuria after a diet of egg white shows. Of six 
healthy persons who had received six raw eggs each from morning till 
noon, all had a small amount of albumen in the urine. We know that 
the protein excreted represents only a part of the amount which has 
been allowed to enter the organism, and therefore a certain quantity of 
unchanged egg white must have been assimilated after having passed 
through the intestinal wall. 

Since after intraperitoneal injection of other proteins, e.g. the proteins 
of the serum, the urine remains free from albumen, the passage of un- 
changed protein through the intestinal wall would in the case of these 
substances not be followed by the appearance of albumen in the urine. 

It is only in the case of egg white that such a passage is revealed 
by the condition of the urine. 

It follows that protein is assimilated normally without being broken 
down in the intestine. Such a process takes place of course only to a 
limited extent and not to the exclusion of other processes, such as the 
absorption and assimilation of the more advanced products of digestion 
of the protein of the food. 

The problem of the assimilation of these substances will be dealt 
with in the following communication. 


The expenses of this investigation were defrayed by grants from the Moray esearch 
Fund for the University of Edinburgh. | ) 
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ON THE ASSIMILATION OF PROTEIN INTRODUCED 
ENTERALLY. By HAROLD PRINGLE anv W. CRAMER. 


(From the Physiology Department, University of Edinburgh.) 


In most recent chemical investigations on the fate of the protein 
moiety of the food, attention has been directed to the serum of a 
digesting animal and attempts have been made to trace there the 
products. of digestion. 

The results have been very contradictory and have not yielded any 
positive evidence on the nature of the process of assimilation. The 
cellular elements of the blood have been almost entirely disregarded as 
far as chemical investigations are concerned, although the work of 
Hofmeister’, of Pohl’, of Goodall, Gulland and Noé!l Paton* and 
of Erdely* has established conclusively the existence of a relation 
between the intake of food and a proliferation of the white blood 
corpuscles, and although this digestion-leucocytosis has been held by 
Pavy’ to have its origin in the lymphoid tissue of the intestine and to 
be “the result of the growth of the lymphocytes from the digested 
products of the food.” 

In the preceding paper it has been shown that unchanged protein can 
be assimilated by the agency of the leucocytes and that such a process 
takes place to a limited extent after a meal. In order to determine the 
fate of the bulk of the nitrogenous food material it was decided to 
compare the chemical composition of the blood, of the mucous 
membrane, and of the lymphatic nodules of the intestine in fasting 
and digesting animals by determining the relative quantities of coagulable 


and incoagulable nitrogen in these tissues. The differences which were 


1 Hofmeister, Archiv f. exp. Path. u. Pharm. xxn. p. 306. 1887. 

® Pohl, Ibid. xxv. p. 81. 1889. 

* Goodall, Gulland and Noél Paton, this Journal, xxx. p. 1. 1908. XXXII. p. 20. 
1905. 

* Erdely, Zeitschr. f. Physiol. xvi. p, 119. 1905. 

* Pavy, On Carbohydrate Metabolism. London. 1906. 
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found to exist led us to’examine separately the serum and wie cellular 
elements of the defibrinated blood. 

The method employed for determining the amount of coagulable 
and of residual or ineoagulable nitrogen was based on Schryver’s? 
method, with the modification that the coagulable and incoagulable 
nitrogen was determined directly in one and the same amount of 
material. | 

The animals used were in all cases cats. Each animal was kept 
under observation and regularly fed for one or two weeks before the 
experiment. The diet was boiled fish. Fasting and digesting animals | 
were used alternately. 

In any case in which the animal did not appear to be in good 
health, or in which it was found on opening the abdomen that the 
appearance of the intestine and the condition of its contents did not 
correspond with the stage of digestion, the animal was rejected. For 
example, if the stomach or small intestine of an animal which had 
been fasting, were found to contain any remains of food, except 
perhaps a small amount of frecal matter in the lower part of the small 
intestine, it was rejected. Similarly if the alimentary canal of an 
animal which had been fed six hours previously did not present the 
appearances of active digestion, «ec. stomach contents fluid, congestion 
of intestinal vessels, presence of chyme throughout the small intestine, 
it was rejected. An interesting case in this connection is No, 13D 
which will be referred to later on. 

The animal being fully anwsthetised with chloroform was bled to 
death through a cannula inserted, in our first experiments, in a 
mesenteric vein, and in our latter, in the femoral artery. 

Approximately 5 c.c. of blood were taken as it flowed from the 
cannula and rapidly transferred to a small glass mortar containing 
about 7 g, of anhydrous sulphate of soda, and kept thoroughly mixed 
until the sulphate of soda had by crystallization absorbed all the water 
and the whole was converted into a dry powder. This was then 
transferred to a 800c.c. Kjeldahl flask, about 300 cc. of absolute 
alcohol were added and boiled under reflux for 30 minutes. The 
alcohol was then decanted off through a filter paper and about 300 c.c. 
hot distilled water added; the mixture was well shaken up and kept 
on a water bath for several minutes, The sulphate of soda being 
dissolved the coagulum settled to the bottom of the flask; the fluid 
was then decanted off through the same filter paper as before. 

- 1 Behryver, Biochemical Journal, t. p. 128. 1906. 
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In order to obviate as much as possible the floceulent coagulum 
passing on to the filter paper the fluid was decanted through a small 
spoon-shaped sieve made of fine wire gauze. Any flocculent masses of 
coagulum which were carried over in the fluid were effectively caught 
on this and could be safely washed back into the flask by inserting the 
bowl of the spoon into the neck of the flask. In this way the coagulum 
could be more thoroughly and rapidly washed. 

This washing out with water was repeated not only till all trace of 
Na,SO, had disappeared from the washings but until (in the case of the 
blood) pigment ceased to come away in the washings. This required 
at least six washings. 

The total washings were acidulated with a few drops of H,SO, and 
were then evaporated to a small bulk in an 800 c.c. flask in which the 
estimation of total N by Kjeldahl’s method was carried out. 3 

The filter paper was added to the flask containing the coagulum 
and the total N estimated. 

In this way a direct determination was arrived at of the relative 
amounts of coagulable and incoagulable nitrogen present. The value 
of a filter paper was carefully determined and deducted in each case 
from the coagulum estimation. 

In order to obtain the serum and corpuscles the animal was bled to 
death through a cannula inserted into the femoral artery. The blood 
was then defibrinated and centrifuged, the serum was pipetted off and 
the corpuscles washed by adding normal saline up to the original volume 
and again centrifuging. In each case 5 c.c. of serum and of corpuscles 
were taken and the coagulable and residual nitrogen determined by the 
method detailed above. | 

The abdomen having been opened the condition of digesting or 
fasting was verified by the appearance of the stomach and intestines. 
The lower part of the small intestine having been removed and split open 
was then washed by passing it repeatedly through the fingers under a 
stream of warm water. Some of the Peyer’s patches (chiefly a large 
patch which was invariably present extending for about two inches 
from the ilio-ccecal valve) were removed by means of a curved scissors 
and mixed with anhydrous sodium sulphate in a glass mortar. A portion 
of mucous membrane from the neighbourhood of the patches was simi- 
larly taken, and in each case the coagulable and residual nitrogen was 
estimated by the method detailéd above. In order to obtain comparable 
results it is important to take the mucous membrane always from the 
same part of the small intestine, since we had found that considerable 
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differences exist between the upper and the lower part of the small 
intestines in one and the same animal. 

In all cases special care was taken to carry out the determinations 
under constant conditions, so that any error which might be due to the 
method would make itself felt in the same way in all experiments and 
would therefore leave the comparative value of the results unimpaired. 
It was endeavcuared to make the interval of time which elapsed from 
the removal of the tissue until it was mixed with the sodium sulphate 
as short as possible, so as to obviate autolytic changes. In the case of 
the blood this interval did not exceed one minute; and in the case of 
the intestinal mucous membrane and Peyer’s patches about two minutes, 
whereas in the cases of the serum about 25 minutes, and of the 
corpuscles about 50—60 minutes elapsed to allow of centrifuging and 
washing. 

In several cases from each class the filtrate was tested for the 
biuret reaction and in no instance was a positive result obtained. 

As a rule a fasting and a digesting animal was used alternately. 


In the following tables: 
C= Coagulable nitrogen. D=Digesting animal. 
R= Residual or incoagulable nitrogen. V= Venous blood. 
_F=Pasting animal. A=Arterial blood. 


In all cases the figures are given in percentage of the tofal nitrogen. 


Table I gives a summary of all our results and it-will be seen that 
in every tissue examined the average amount of residual nitrogen 
is more in the case of the digesting than of the fasting animals. 

Blood. If the average of all the cases investigated is taken we find 
an increase of 1°3°/, in the residual nitrogen of the digesting animals 
over that obtained from the fasting animals. 

Nos. 4D, 9D, and 7F vary so much from the average (2°/, or 
more in each case) that it is probable we may exclude them as abnormal. 
Excluding these we get corrected averages, which reduce the difference 
between digesting and fasting animals to 1°13°/,. This represents a 
difference of more than 4 of the residual nitrogen present in the 
digesting animal. 

Corpuscles. In the corpuscles the average difference between the 
digesting and fasting animals amounts to ‘95, and as this represents 
more than } the amount of residual nitrogen present in the digesting 
animal, it is relatively much more than in the case of the blood. 
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Serum, The serum shows a difference of 1°65. It will be seen 
that in the case of the serum the animals showed greater individual 
differences than in the case of the other tissues examined. Schryver 
also found this in his series of experiments, the variations being even 
more marked than in ours, 

Intestinal mucous membrane. In the mucous membrane of the 
small intestine we find that in the fasting animal there is 4°/, less 
residual nitrogen than in the digesting animal, which represents a 
reduction of between 4 and j of the amount present in the digesting 
animal. 

Peyer's patches. In the case of Peyer’s patches the difference is 
even greater, amounting to 6°27 °/,. 

Exp. No. 13_D is of special interest, because in this case digestion had 
not proceeded as far as in the other animals. On opening the abdomen 
the blood vessels of the intestine were found to be congested, but the 
chyme had not yet reached the lower part of the intestine, from where 
the mucous membrane and the Peyer’s patch were taken for analysis. 
The nitrogen estimations show that both these tissues contain less 
incoagulable nitrogen than the average found for animals in a more 
advanced stage of digestion. 

In Table II the results of the analyses made with the blood of 
fasting animals are arranged in such a way as to compare the blood of 
animals fasting 20—24 hours with that of animals fasting 36 hours 
or more. 

It will be seen that the percentage of sdotiadehie nitrogen falls 
with the time of fasting. 


TABLE Il. 


5 

Fasting 24 hours or less Fasting 36 hours or more 

c R 

No. 1 95°4 4°6 No. 3 95°9 41 : 
No. 2 95°7 4:3 No. 10 95°6 4-4 
No, 4 93-4 6-6 No. 11 93°8 6-2 
No. 6 94-9 5-1 No. 12 95-05 4°95 5 
No. 7 92-8 72 No, 14 95°55 4°45 4 

No. 8 93°5 6°5 No. 16 95°5 4°5 
No. 9 95-4 4-6 

Average 94°4 Average 95°2 48 
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CONCLUSIONS. 


The results show that the intestinal mucous membrane of digesting 
animals is very much richer in incoagulable nitrogen than that of 
fasting animals. The most pronounced difference is found in the 
lymphoid nodales of the intestinal wall, where the residual nitrogen 
appears to be collected. 

The blood of digesting animals shows a small but distinct increase 
of residual nitrogen over the blood of fasting animals. Part of this 
increase can be ascribed with certainty to the corpuscular elements. 
Whether the differences in the serum which have been found to exist 
indicate that the plasma also of digesting animals contains an increased 
amount of residual nitrogen is not certain. Part or the whole of the 
increase in the residual nitrogen of the serum may be due to a 
disintegration of leucocytes. 

The results of this investigation show a striking analogy with those 
arrived at in the preceding paper, and allow of the conclusion that the 
assimilation of protein from the intestinal canal is brought about partly 
at any rate by the agency of the leucocytes. Part of the nitrogenous 
material may be absorbed by a different path and undergo a different 
fate. 


The expenses of this investigation were defrayed by grants from the Moray Research 
Fund for the University of Edinburgh. 
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ON rt CONTRACTION OF MUSCLE, CHIEFLY IN 
RELATION TO THE PRESENCE OF “ RECEPTIVE” 
SUBSTANCES, PART II'. By J. N. LANGLEY, ScD. 


F.RS., Professor of Physiology in the University of Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


ACTION OF NICOTINE ON THE FLEXOR CARPI RADIALIS MUSCLE 
(GRAPHIC RECORDS). 


THE apparatus employed in obtaining a graphic record of this 
muscle was the same as that used in the case of the sartorius (cp. Part 
I, p. 364). The load on the muscle unless otherwise mentioned was 
light, viz. 2 to 24 grams. The magnification of the movement was 
eight times; under each figure, the reduction of the tracing (if any) 
is given, so that the extent of the contraction in the several figures can 
be compared. In the figures the time marker marks 10 second intervals 
except in Figs. 3 and 28. The nicotine, or other solution, was poured 
into the vessel containing the muscle so that the latter was immersed 
. in the solution. The nicotine solutions were made up with slightly 
hypertonic Ringer’s fluid. For single induction currents and for 
tetanising currents a cell of about 1 volt £M.F. and a Du Bois’ Reymond 
induction coil were used; in the description of the figures, M and B are 
used for the make and break induction currents respectively, and the 
position of the index of the secondary coil is indicated by c= 8, 
c=0 ete. 

Graphic records of the contraction have been taken in, all months 
of the year; the total number of experiments was more than a 
hundred. Unless otherwise mentioned male frogs (Rana temporaria) 
of medium size were used. 
Description of the muscle. The muscle is triangular in form, at its 
upper end it is attached to nearly the whole length of the humerus, 


1 Part I. This Journal, xxxvi. p. 347. 1907. 
PH. XXXVII. | 12 
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and at its lower end to one of the calcified cartilages (the centrale) of 
the carpus’. 

On the outer (free) surface (Fig. 1 A) the tendinous attachment 
to the humerus is very short and barely visible to the eye; the 
lower fan-shaped tendon spreads about $rd way upwards, the muscle 
fibres seen on the surface are the shortest, they are progressively 
longer in passing to the deep surface of the muscle. Along the 
posterior border of the muscle is the flexor carpi ulnaris, showing no 
tendon from this point of view. - 


Fig. 1. Diagram of flexor carpi radialis muscle, 
A, Outer surface. Muscle ready for fixing in apparatus. A fine copper wire is 
tied to each end of the humerus. A silk thread is tied round the carpal attachment. 
B. Inner (deep) surface. f.c.ul.—flexor carpi ulnaris; p.l.—cut fibres of palmaris 
longus. See also Text. 


_ Qn the inner (deep) surface (Fig. 1 B), most of the. muscle fibres 
have a very short tendinous attachment at the carpus, and more or less 
cover up the main tendon seen on the outer surface; on the posterior 
border some of these fibres run into a tendinous band (¢) common to it 
and the lower part of the flexor carpi ulnaris. The superficial fibres of 
the posterior part run a nearly parallel course, some of these are much 
shorter than others and join a tendon (¢’) stretching with the muscle 
from the humerus ; the rest of the fibres spread out irregularly fan-wise. 
The flexor carpi ulnaris consists of slightly oblique fibres running 
chiefly from a tendinous band (¢), where it adjoins the flexor carpi 


1 Of, Ecker and Gaupp, Anat. d. Frosches, 
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radialis and an upper tendon (¢”) common to it and the palmaris 
longus (pJ.). It can be easily separated from the flexor carpi radialis 
at its upper end. 

I have made some observations on the position of the nerve-endings 
in the muscle, partly by the method of applying dilute nicotine 
(cp. Pt. I, p. 357) and partly by histological methods. On the outer 
surface of the muscle nerve-endings are absent in the upper 2 mms. 
(about) adjoining the humerus; they are absent also in the lower 
1 to 2 mms. above the obvious tendinous bundles. In the deeper fibres, 
the nerve-endings occur nearer and nearer the carpus and on the deep 
surface there are nerve-endings close to the carpal cartilage and at 
most levels. 

The muscle preparation. The following method is probably the 
best. The frog is pithed, the head cut off, and the blood squeezed out 
of the body. The skin is cut lengthways down the arm, the connective 
tissue septa running between the muscles and the skin severed, and the 
skin removed. The arm is cut off above the humerus, placed on 
blotting paper moistened with Ringer's fluid, pinned out on cork, and 
flooded at intervals with Ringer's fluid. The carpal attachment of the 
muscle and of the flexor carpi ulnaris is cut out, the muscle lifted by 
the cartilage and isolated up to the humerus, the palmaris longus 
muscle being cut through close to its tendon ¢” (Fig. 1 B). The lower 
arm is then cut off, and the muscles attached to the humerus, other — 
than the flex. carp. rad., removed’. A silk thread is tied round the 
carpal cartilage, and a thin copper wire is tied to each end of the 
humerus as in Fig. 1 A. The wires are passed through a flat clamp, 
a light weight attached to the thread on the carpal cartilage, and the 
wires adjusted in the clamp till the tension in the fibres of the anterior 
and that on the posterior border of the muscle is, so far as can be 
judged, equal. The clamp is fastened to the lever-clamp which also 
serves for one electrode. The thread on the carpal cartilage is tied to 
a platinum hook. The hook is the projecting part of a wire fused 
into a glass rod, and serves for the other electrode. 

In my earlier experiments, instead of tying the humerus with wire, 
I either clamped the other muscles close to the bone with a Kronecker’s 
forceps, or having cut away all the muscles, clamped the bone itself. 
It is much more difficult in either of these methods to arrange the 


1 The flexor carpi ulnaris was sometimes removed, and sometimes left attached to the 
preparation ; the only difference its retention appears to make is to limit somewhat the 
extension of the muscle preparation. 
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clamp in such a way that the tension on the fibres is the same on the 
anterior and posterior borders of the muscle, and when the bone is 
clamped, there is some danger of the clamp slipping round the bone 
and injuring the fibres. I think these methods less trustworthy for 
details in the form of the myograms than that given above, though I 
cannot say that I have found any certain differences by the different 
methods. | 

In the description of the figures the method of fastening the upper 


end of the muscle is given, except when the humerus was tied with 


wire, 

I have at times used portions of the muscle instead of the whole 
muscle :— 

(i) The muscle was cut approximately in half (cp. Fig. 1 B) and 
the anterior longer portion taken. This removes part of those fibres 
which end in the carpal cartilage with a very short tendon, i. part 
of those which have nerve-endings near the carpus. But since the 
cut is not parallel to the fibres, the preparation has a fringe of cut 
fibres on one border. If the fibres of this preparation are to have 
an initial equal tension it must be fastened in the apparatus as the 
whole muscle in Fig. 1 A. But the humerus may be fastened in a 
horizontal position, and a weight of a gram or two will stretch all 
the fibres, although of course those in the posterior border are most 
- stretched. This preparation I speak of below as the anterior half of 
the muscle. 

(ii) In order to remove more completely the fibres having a very 
short tendon at the carpus and to reduce the number of injured fibres 
in the preparation I have cut through the muscle fibres at the lower 
end of the deep surface, dissected them upwards, and removed them. 
The preparation gives a more fan-shaped piece than (i), and nearly all 
its fibres are intact. 

(iii) In other cases I have taken a smaller piece, a third to a fourth, 
from different regions of the muscle. I shall refer to these as muscle 
strips. In these there are a number of cut fibres on one or both borders. 

The muscle when first cut out has more or less tone, probably in 
consequence of mechanical stimulation, so that before trying the effect 
of nicotine the muscle was left in Ringer's fluid for five or more minutes. 

Normal effect of electrical stimulation. On stimulating the sartorius 
with a single induction shock when it is first suspended in the apparatus, 
the elongation is ly always hastened (cp. Figures in Part I). In 
similar ci there may be some elongation in the flexor carpi 
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radialis (cp. Fig: 8), but as a rule there is more or less contracture 
(cp. Figs. 7 and 12). This is constantly the case if strong shocks 
are employed, and in general the degree of contracture is proportional 
to the strength of the current. Thus in Fig. 15 B, the break shock 
with the secondary coil at 8 gave no contracture, with the secondary 
coil at 4 there was strong contracture. 

Induction shocks of a given strength cause much less shortening of 
the muscle when passed through the flexor carpi radialis than when 
passed through the sartorius. This is of course in part due to the 
different length of the muscle fibres, but it is I think in part due to 
the irritability to brief electric currents being less in the former muscle 
than in the latter. 


Fig. 2. x4. Stimulation with galvanic current. Time in 10 secs. 

a. Descending current, for 1 min. % Daniell cells, First stimulation. At 
S—stop drum for 5’. | 
b, Descending current 5 Daniell cells for 1 min. after previous stimulation. 

' ¢. One minute after stimulating with ascending current for 4 mins., stimulate 
with descending current for 1 min. (causing relaxation), repeat, then stimulation 10 
times for 10 secs. with 10 second intervals; each stimulation causes a fall. Lastly 
stimulate with ascending current. 


It is known that in the sartorius (and in other muscles) a weak 
galvanic current causes a twitch only at make and break, that a stronger 
current causes contracture, that the contracture increases with the 
strength of the current, and that the ascending and descending currents 
produce different forms of contraction in consequence of the unsym- 
metrical arrangement of the fibres in the muscle. All this holds also 
for the flexor carpi radialis; but in the experiments I have made the 
contracture produced by 5 Daniell cells in the sartorius is insignificant 
compared to that caused by a much less strength of current in the 
flexor carpi radialis. In the latter muscle, the current of 1 Daniell cell 
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kept on for a minute causes a contraction lasting about half a second 
followed by slight contracture. The current of 3 to 5 cells causes great 
contracture with or without a secondary rise. The form of the curve 
varies in different muscles and in different circumstances. The 
descending current if not too brief, generally gives a secondary rise, and 
the break contraction is higher than the make (cp. Fig. 2 a and 6). 
In fatigue the contracture has a tendency to start from the top of the 
twitch. The ascending current when strong has usually more or less 
the form shown in Fig. 3 a; with less strong currents there is a twitch 
at make and break, the break twitch being rather lower than the make. 
Occasionally there is a series of regular large contractions at the 
break, this is more common with a descending current and is shown in 
Fig. 36; with an ascending current the first rise is less and may be lower 
than the second. After a certain duration of the descending current, 
subsequent closure gives in a marked way (cp. Fig. 2 c) the relaxation 
known to occur in muscles in such circumstances. 


big. 8. x. Stimulation with galvanic current. Time in seconds. 


a. Ascending current of 4 small dry cells for 84 secs. There is a slight rhythmic 
contraction a little after both make and break. 


b. (From another muscle.) Descending current of 3 small cells for 
There are large rhythmic contractions after the break. 7 


It is to be remembered that in the method I have used there is 
considerable polarisation. I have not tried to reduce this since my 
object ‘was only to see if any striking difference in the effect of the 
eee current 1s produced by nicotine. 

omparison of the contraction curve with that of the coraco-radialis 
muscle. In Part I I have described various forms of contraction curve 
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given by the coraco-radialis muscle with nicotine up to ‘l pc. These 
fall into two main types, one in which the fall of the curve begins soon 
after the maximum height (cp. Fig. 11, Part I), and the other in which 
after the maximum height is attained, there is a more or less prolonged 
plateau before the fall (ep. Fig. 12, Part I). In the former the maxi- 
mum rise is usually attained in 20 to 30 secs. In the latter, two forms 
may be distinguished, one in which the maximum rise is attained in 
about a minute, and another in which the rise of the curve continues 
for two or more minutes. 

In the flexor carpi radialis of male frogs, the second type, so far as 
1 have seen, alone occurs; but in general the period of rise is more 
prolonged than in the coraco-radialis, so that the first form of this type 
is less frequent. 

In a few experiments on female frogs, one or two cases of the first 
type were found: how common this is I am unable to say. 

In the experiments on the coraco-radialis muscle, there were several 
cases' in which when the muscle was momentarily stretched about 
five minutes after immersion in dilute nicotine, there was no 
appreciable slow after-rise following the quick partial return (cp. Part I, 
Fig. 11). In the flexor carpi radialis, I have not found any instance in 
male frogs in which there was an absence of the slow after-rise in 
similar circumstances. In the few experiments made on female frogs, 
there was one case; in this, the muscle was immersed in 01 p.c. 
nicotine for two minutes, and stretched three and a half minutes later. 


Fig. 4. x4. Muscle immersed in 0005 nicotine. After 10 mins. (S) drum stopped for 
8 periods of 2 mins, each. The figure shows the maximum degree of shortening 
obtained with this percentage of nicotine. Time in 10 secs. 


The rate and height of contraction with different percentages of 
nicotine. The flexor carpi radialis is much more responsive to nicotine 
than the sartorius; ‘0001 p.c. usually causing a distinct contraction. In 

1 The sex of the frogs was not noticed, so that they may all have been females, 
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general, also, it is more responsive than the coraco-radialis muscle, but 
this is not always the case. 

With sufficiently dilute nicotine the contraction is always very slow 
and progressive; the shortening of the muscle continuing for a consider- 
able time. In Fig. 4 an example of slow contraction with ‘0005 p.c. 
nicotine is shown; in this case the rise in the curve went on for about 
12 minutes. As the percentage of nicotine is increased, the con- 
traction becomes much quicker; the maximum height of the curve is 
reached in a time varying from about one to three minutes (cp. Figs. 6, 
7 and 12). 


Fig. 5. x4. Anterior half of muscle, Clamp above humerus, Muscle immersed 
successively in ‘001 p.c., 01 p.c., *1 p.c. and 1 p.c. nicotine for 2 minutes at intervals 
of 3 mins. Stimulate with make and break induction shock, coil at 0 (two small dry 
cells), and then with tetanising current (7.C.), coil as before. Depress lever for a 
moment (D), and stimulate again with the tetanising current. 


In order to determine what percentage of nicotine causes the 
maximum rate of contraction I have immersed the muscle in a given 
solution of nicotine, and after a minute or two replaced it by a stronger 
one. The rate of rise is constantly increased by the stronger solution 
up to ‘01 pc. nicotine, though to a varying extent in different cases. 
Fig. 5 gives an example of acceleration with ‘01 pc. after ‘001 p.c. 
nicotine ; in this case the anterior half only of the muscle was taken, 
but a similar curve may be given by the whole muscle. When “01 p.c. 
nicotine is applied first, the result of applying *1 p.c. varies in different 
muscles. There may either be no further rise as in Fig. 6, or a slight 
further rise as in Fig. 7. So far as my experiments on these lines go, 
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it results that the maximum rate of contraction is usually obtained 
by about ‘1 pc. nicotine. The method however is not accurate, since 
the effect of a given solution is decreased by.a previous one, and it 


Fig. 6. x} 
0’—Stim. with M and B shock ; o=8. 
4'—Nicotine p.c. for four minutes’. 
5’—Nicotine «1 p.c. for two minutes. 
8’—Nicotine 1 p.c. for two minutes. 
10}'—Stim. with M and B shock, «=0, first with one cell, and then with two cells. | 
12’—Increase load by 10 grams. 
124’—Stim. with M and B shock ; c=0 (2 cells). 


Fig. 7. x} 
0’—Stim. with M and B shock ; c=8. 
5’—Stim. twice with M and B shock ; c= 10. 
10’—Nicotine ‘01 p.c. for 2 minutes. 
124’—Nicotine *1 p.c. for 44 minutes (about). 
194’—Nicotine 1 p.c. for 2 minutes, then stop drum (S) for 5 mins. Stim. with 
M and B shock; o=0. ‘ 
274'—Depress lever (D). Stim. with M and B shock; c=0. Increase load by 
5 grams, and then by an additional 10 grams. 
83’—Stim. with M and B shock; c=0. 
84’—Stim. with tetanising current (T.C.); c=0. 


1 In these and similar cases the nicotine solution was run off at the end of the specified 
time, but the muscle was still moistened by the solution. 
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‘ 
is probable that 1 p.c. nicotine when applied before any other solution 
gives a slightly more rapid contraction than ‘1 p.c. 

When ‘01 p.c. nicotine is allowed to act until the rise in the curve 
ceases, neither “1 p.c. nor 1 p.c. causes as a rule a further rise; probably, 
then, the maximum height of contraction is approximately attained with 
about ‘O01 p.c. 

It may be thought that the relative effect of different percentages of 
nicotine could be readily determined by comparing their initial action 
on different muscles, But although by this method the results given 
above are in general confirmed, there are many exceptions, partly due to 
intrinsic differences in the muscles and partly no doubt to slight differ- 
ences in experimental conditions. 


Fig. 8. 4%. Time in 10 seconds. Stimulate with make and break shock, index of 
secondary coil at 8 c.m. (c=8). Muscle then immersed in -001 p.c. nicotine for 20 
minutes. After 16 mins, the tracing was stopped for 5 mins. 


The curves described so far are those obtained from muscle removed 
from the body immediately after death. If the muscle is left in the 
body for an hour or two, the rise tends to become slower and to 
diminish in height. Thus in the experiment of which a tracing is given 
in Fig. 8, the muscle was left in the body for an hour after death before 
dissecting it out. In this case the muscle continued to shorten for about 
20 mins. after being placed in ‘001 p.c. nicotine. The time however at 
which a change occurs varies considerably, and in some cases the 
difference between the curve given by the muscle taken immediately 
after death and that taken an hour later is not greater than the differ- 
ence between the curves when the muscles of the two sides are both 
taken immediately after death. 

I have not found that any decrease in the height of the curve or in 
the rate of shortening is caused by leaving the muscle in Ringer's fluid 
for about 2 hours; the change, if any, appears to be in the direction of 
quickening the rate of shortening. 
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Individual variations in the contraction curve. In active, freshly 
caught frogs, the maximum height of contraction with nicotine ‘01 pc. 
and upwards is nearly always obtained in 1 to 2 minutes. When frogs 
which have been kept for some time are taken, wide variations in 
response occur, though the frogs are apparently healthy. The slow 
gradual rise which very dilute nicotine causes in the muscle of freshly 
caught animals may also be caused by 01 or ‘1 p.c. nicotine. Thus in 
the experiment of which a tracing is given in Fig. 9a, the shortening 


Fig. 9. x. Muscle clamped above humerus. 

a. O—Immerse in ‘01 p.c. nicotine. After 2 mins. alternately stop the drum for 
5 mins. and take a tracing for 30 secs. 

b. The muscle was left in Ringer’s fluid for 1} hours. 0’—Immerse in 1 p.c. 
nicotine. After 2 mins. alternately stop drum for 5 mins. and take a tracing for 30 
secs. seven times. Then stop drum for 1 min. and run off the nicotine, Stimulate 
with a tetanising current; c=0. 


with ‘01 p.c. nicotine continued for above 20 minutes. I have made a 
few experiments only with 1 p.c. nicotine, but this also may cause a slow 
contraction, as is shown in Fig. 9b. In this case the muscle was left in 
the body for 2 hours after death and for 14 hours in Ringer's fluid before 
immersion in I p.c. nicotine. It is seen that the rise of the curve went 
on for about 7 minutes. 

_ Wheé the contraction with 01 to 1 pc. nicotine is abnormally slow 
in the first minute, the maximum contraction is Jess, and the time taken 
to reach it longer, than in the normal muscle. Apparently as the 
irritability and contractility of the muscle decrease, a percentage of 
nicotine which normally serves as a strong stimulus becomes a weak one. 
A slow contraction may however occur after a normal, or approximately 
normal, rise in the first minute. 

In a few instances successive solutions of nicotine of 1 
percentage ('001—1 p.c.) had all a very slight effect (the 1 p.c. having 
most), but I am not certain that in these cases the muscle was not 
injured. 
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The contraction curve of a portion of the muscle. I have made a 
number of observations on the anterior half of the muscle (cp. p. 168). 
The curves obtained resemble those of the whole muscle, and in certain 
circumstances a slow rise for five or more minutes after the main rise 
may occur. Thus in the experiment of which a tracing is given in 
Fig. 10, the anterior half of the muscle was placed in Ringer's fluid for 
3 hours and oxygen bubbled through the fluid. It will be seen that though 
the main rise after ‘01 p.c. nicotine occurred in the first minute and a 
half, there was a subsequent slow rise for a quarter of an hour. 


Fig. 10. x4. Anterior half of muscle clamped above humerus, placed in Ringer’s fiuid 
and oxygen bubbled through the fluid for 3 hours. 
0’—Nicotine ‘01 p.c. 
17’—Drum stopped for five intervals of 20 mins. each, and then for one of 15 hours. 
The three pieces cut out of the tracing were of 4 mins., 4 mins. and 8 mins. 
duration in order. 


In a few observations made on small strips of muscle, the time taken 

to reach the maximum height of the eurve was distinctly less than with 
the whole muscle, though considerable variations occurred. As an 
example I may give an experiment in which the muscle was cut into three 
strips, and tracings were taken of the contraction of these with ‘01 p.c. 
nicotine ; one attained the maximum height in about a minute, another 
in about three minutes and the third gave a slow gradual rise for six 
minutes (cp. Fig. 11). 
The slowness of rise of the contraction curve is undoubtedly due 
in part to a slow diffusion of the nicotine solution throughout the 
muscle, but it is, I think, in part due to a gradual action of nicotine 
after it is in contact with the muscle fibres. There is evidence that 
‘001 p.c. nicotine has a slow progressive action, for 01 p.c. nicotine causes 
& prompt contraction in a muscle which has been 2 or 3 minutes in 
pec. “Ol pc. affects the superficial fibres already soaked in 
‘001 p.c.), but after a stay of about a quarter of an hour in the more 
diluted solution, ‘01 p.c. commonly has no effect. 
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The graphic method does not allow any certain conclusion to be drawn as to the time 
taken by the different solutions of nicotine to diffuse throughout the muscle. There are one 
or two facts bearing on the question which it may be worth while to mention. 

When nicotine -01 to 1 p.c. is applied to the surface of a muscle, the contraction 
follows at an interval which is barely appreciable to the eye, so that the gradual rise of the 
musele curve in the graphic record cannot be due to a delay in the passage of the nicotine 
from the outside of the muscle fibre to the substance acted upon. 


% 


Fig. 11. About § of muscle taken near anterior edge. A thread was passed through the 
upper end of the muscle, tied round the humerus, and fastened to the lever. The 
- base line shows the position of the lever with a load of 7 grams; 5 grams were taken 
off before the beginning of the experiment. 
Stim, with M and B shock ; c=8. 
Nicotine *01 p.c. for 6 minutes, 


We have seen in Part I that the sartorius treated with dilute nicotine and weighted 
with 2—2} grms. reaches its maximum height of contraction in about 20 seconds and returns 
nearly or quite to its original length in 2 to 4 minutes. If we take the maximum height 
as representing the contraction of all the fibres, the diffusion into the muscle would be 
sufficient to cause maximal contraction throughout in about 20 secs. But since the muscle 
relaxes a few seconds after reaching its maximum height of contraction it is possible that 
the superficial fibres begin to relax before the deeper ones begin to contract, and thus fresh 
fibres might be contracting for some time after the maximum height of the curve’, but even 
then it seems unlikely that any fibres can be unaffected after about a minute. 

The flexor carpi radialis is a thicker muscle than the sartorius so that nicotine will take 
longer to reach the central fibres. The thickest part of the extended muscle has a cross 
section of 2 to 2} mm., and when fully contracted without load, a cross section of about 
4mm. Since the contraction of the whole muscle is very prolonged, the superficial fibres 
can hardly relax to any great extent before the deeper ones contract ; the contraction of 
the latter will, then, tend to prolong the rise in the curve. 

We may take the rate of diffusion as being approximately the same in different 
muscles; since in some cases the maximum height of contraction with -01 p.c. nicotine 
is reached in about a minute, we may conclude either that the nicotine diffuses through- 


1 If this were the case one would expect the muscle curve to be more flat-topped than 
it is. 
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out the musele in this time, or that the shortening of the superficial may be so great that 
the contraction of the deeper fibres only brings them to the length of the superficial ones 
and has no effect on the length of the muscle. 


Duration of the plateau and of the fall in the curve. With all 
percentages of nicotine up to 1 p.c. there is after a time a fall in 
the curve, i.e, relaxation sets in. The time at which the fall begins, 
its rate of progress and its extent varies in different muscles. 

In general, the relaxation sets in more quickly, and up to a certain 
point goes on more rapidly, as the strength of the nicotine is increased. 
An example of this in muscles of comparatively slight irritability has been 
given above in Fig. 9a, after ‘01 p.c., and in Fig. 96, after 1 p.c. nicotine. 
A more irritable muscle was used in Fig. 10; the anterior half was 
taken, and the fall began about 17 minutes after the musele-was placed 
in ‘01 p.c, nicotine, it continued for 1 hr, and 40 minutes; fifteen hours 
later a slight further fall was found to have occurred. 


Fig. 12, x4. Anterior half of muscle. Thread tied round humerus; 8 hours in Ringer’s 
fluid. Stim, with M and B; c=8. 


Nicotine «1 p.c. for 774’ ; tracing taken for 6 mins. then alternately stop for 5 mins. 
and take tracing for 80 secs. during 714 mins. 


Fig. 12 shows the course of relaxation in the anterior half of a fresh 
irritable muscle with ‘1 p.c. nieotine; the relaxation began in about six 
minutes and was still going on at the end of 70 minutes. 

In Fig. 13 the curve of a similar portion of the muscle with 1 p.c. 
nicotine is given. Here the fall came on more quickly, and in about 15 
minutes from the beginning of the fall passed into the rise of nicotine 
rigor (cp. below, p. 194). 

The extent of the relaxation, as I have said, varies. In general it is 
greater in the anterior half of the muscle than in the whole muscle, no 
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doubt since the load is relatively greater in the former case, but a 
relaxation, such as that given in Fig. 12, may occur in the whole muscle. 
I have not found any case in which there was a return to the original 
length in the usual duration of an experiment, viz. 14 to 3 hours; the 
load, it is to be remembered, was only 2 to 24 grams. I have made two 
experiments in which the whole muscle was left all night in 01 p.c. 
nicotine. In neither case was there a fall of the lever below the base 
line and there was no rigor rise. In one experiment however in which 
the anterior half of the muscle was taken and left all night in ‘1 p.c. 
nicotine, there was a fall below the base line and a subsequent rigor rise. 
It is to be mentioned also that the extent of the fall may be much less 
than that given in the figure. 


Fig. 18. 4%. Anterior half of muscle, clamp above humerus. 
0’—Stim. with M and B; c=8. 
‘Stop drum. Muscle in Ringer's fluid. 
54’—Ran off Ringer’s fluid and start dram. 
6’— Nicotine 1 p.c. Tracing taken for 10 mins., then tracing taken for 30 secs. 
with intervals of 5 mins. 


So far as I have seen, the curve given by the muscle when placed in 
dilute nicotine is much the same whether the immersion in the nicotine 
last a few minutes only or several hours. In the experiment of Fig. 14 
the muscle was left in ‘01 p.c. nicotine for 3 minutes only, then washed 
with Ringer's fluid and left in this for about 2 hours without restoring 
the original length of the muscle. 

I conclude from these experiments that nicotine causes a prolonged 
physical alteration in the muscle. 

Change in the physical condition of the muscle caused by nicotine. 
When the muscle is momentarily stretched to its original length during 
the nicotine contraction, it shortens on being released, at first quickly and 
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then slowly, the slow shortening being naturally more protracted in the 
rising portion of the curve than in the plateau. __ 
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The maximal contraction is decreased by stretching the muscle during 
its rise. The slow rise after stretching continues in a marked degree for 
a considerable time, but eventually becomes small and lasts for a few 


seconds only. In Fig. 15A the effect is shown of stretching at intervals — 


of 30 secs. a muscle immersed in ‘01 p.c. nicotine. It is seen that after 
- about 20 minutes the slow rise is slight and proportionately more 
decreased than the quick rise. 

A similar effect is seen when the muscle is immersed in nicotine for 
a minute or two only instead of being left in the solution. In Fig. 15B 
the muscle was left in nicotine for 2-minutes and then washed with 
Ringer's fluid and left in Ringer's fluid; it was stretched to the base 
line as in A at intervals of 30 seconds. The slow rise became slight 
and brief after about 25 minutes. 


When the muscle is stretched during the plateau or the fall, it does 


not return to its original height, and the return is less in the later than 


in the earlier part of the curve. These points are shown in Fig. 15 C. 
The shortening on stretching is much less, relatively and absolutely, after 
21 minutes than after 5 minutes. It will be noticed also that after 36, 
424 and 49 minutes the slow rise after stretching was very slight. 


Fig. 16. x}. (a) Nerve stimulated with tetanising current for 6 mins., c= 20; lever 
depressed to base line at 80 second intervals. (6) Similar curve with c=0 taken 
after two other tetanisations. 


The behaviour of the nicotine contracted muscle when momentarily 
stretched differs from that of a tetanised: muscle, inasmuch as in the 
latter the slow after-rise is very brief and gives way to a fall during the 
first part of the tetanic curve, ée. presumably as long as the muscle is 
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not fatigued. The effect of stretching a tetanised muscle is shown in 
Fig. 16. In Fig. 16a the muscle was tetanised for six minutes and 
momentarily stretched to its original length each 30 seconds.. After the 
first three stretchings there is a brief slow rise followed by a fall, after 
the fourth the slow rise is shorter and is followed by a nearly level 
plateau, after the later ones there is a slow rise like that of the nicotine 
contracted muscle. In later tetanisations, the slow after-rise comes on 
more quickly (cp. Fig. 165). 

These graphic records, though I think they have a bearing upon the 
cataleptic state produced by nicotine in the fore limbs of the frog, do not 
serve to distinguish the different factors which may cause a change in 
the physical condition of the muscle. In part no doubt the continued 
shortening of the muscle is a contraction, i.e. is produced in some way by 
the energy set free, or by the chemical bodies formed, during muscular 
katabolism. But there is, I think, an additional factor, viz. an alteration 
of physical characters consequent on an alteration in the chemical nature 
of the contractile substance; that such an alteration occurs, evidence 
has been given in the previous section. 


Fig. 17. x4. Two muscles a and } clamped above humerus. 
a. Load 7 grams. Stim. with M and B shock; o=8. Nicotine -1 p.c. throughout 
rest of tracing, é.¢. for 184 mins. 
b. Load 32 grams. 
0’— Stim. with M and B shock; c=6. 
14/—Nicotine *1 p.c. for 7 mins. 
104’—Nicotine 1 p.c. for 2 mins. 


Effect of increase of load on the form of the curve. In the ex- 
periments, of which an account has so far been given, the weight on the 
muscle was 2 to 24 grams. The rise in the curve is of course less and 
the fall quicker as the load is increased. With a load of more than 
5 grams I have not found any cases of very slow attainment of the 
maximum rise such as occur with a load of 2 to 24 grams, but the time 
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taken to attain the maximum varies in different cases (cp. Figs. 17a, 
176 

i A a load of 5 to 10 grams, and with nicotine ‘01 to ‘1 p.c., the 
lever in the experiments made, returned to the base line in 15 to 20 
minutes. In Fig, 17a it took 17 minutes. 
- Gonsiderable loads can be lifted though the extent of the lift is 
slight, Fig..176 shows the curve with ‘1 p.c. nicotine and a load of 32 
grams, Fig. 18, that with 1 p.c. nicotine and a load of 62 grams, The 
force of contraction is however much less than that of the muscle when 
it is tetanised, 


Fig. 18. Muscle clamped above humerus. Load 62 grams. Nicotine 1 p.c. for 5 mins. 


Time in 10 secs, 


Effect of fatigue. I have not found that a slight or moderate degree 
of fatigue produced by stimulating the brachial nerve has any certain 
effect on the result of immersing the muscle in successive solutions of 


nicotine, though there may perhaps be a slight decrease in the extent of 
the rise. 


Besides one or two earlier experiments, four experiments were made in June. In two 
(made on the same day) a nerve-muscle preparation was made and the nerve stimulated 
with a weak interrupted current three times for five minutes at five minute intervals, the 
muscle being in Ringer’s fluid; 001 p.c. nicotine had no effect, 01 caused good contraction. 
But in two other similar experiments in which the nerve was stimulated longer, in one 
case six times for five minutes at one minute intervals, and in the other four times for 12 
minutes at two minute ‘intervals, -001 p.c. nicotine caused a fairly good contraction, and 
this was increased by-1 p.c. In none of the cases did ‘1 p.c. or 1 p.c. cause a rise ; its 
effect as regards fall was different in each case. The first three solutions of nicotine were 


applied for 2 mins. each, the interval between running off one and applying the other being 
1 minute. 


Effect of temperature on the nicotine contraction. On this subject 
I have made a few experiments only. The temperatures, the effect of 
which were investigated, were 1°—2°C. and 22°—25°C. The muscle 
was first placed in Ringer’s fluid at one of these temperatures, and then 
in nicotine ‘01 p.c. at the same temperature. 
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A low temperature (1°—2°C.) apparently’ decreases the rate of rise, 
but otherwise has little effect on the curve. When ‘01 p.c. nicotine at 
this temperature has no further effect, the same percentage of nicotine 
at 23°—25°C. causes a slight rise. 

A high temperature (22°—25°C.) increases the rate and height of 
the contraction, and modifies the form of the curve, inasmuch as the 
maximum height is maintained for a short time only, the fall lasts for a 
variable time, a minute or more, and the curve then takes the form 
usual at normal temperatures (cp. Fig. 19). In this stage adding 
nicotine at a lower temperature down to 3°C. does not cause a fall in 
the curve (ep, Fig. 19). 


Fig. 19. x4. 
0’——Ringer’s fluid at 24° C. for 2 mins. Stim. with B shocks; c=8. 
'-Nieotine “01 p.c. at 25° OC. for 6 mins. at end temperature 224° C. 
114’—Nicotine -01 p.c. at 16° 0. for 80 secs., followed by nicotine ‘01 p.c. at 3° C. 


Influence of prolonged faction of very dilute nicotine on the effect of 
stronger nicotine. When ‘very dilute solutions of nicotine are allowed 
to act on the muscle for a quarter of an hour or longer, they greatly 
reduce, or annul the action of subsequently applied stronger solutions 
up to ‘1 p.c.*, although they may themselves cause but a slight contrac-— 
tion. Three experiments were made on freshly caught frogs (June), in 
which the muscle was left in ‘0005 p.c. nicotine for 15 minutes. The 
extent of the rise caused by this solution varied, but in each case 
successive immersion in ‘005, 01, and ‘1 p.c. nicotine for about 4’ each 
caused no rise in the curve, and apparently left unaffected the slow and 
very gradual fall going on. In another case (March) the muscle was 
left in 0005 p.c. nicotine for 3 hrs., there was no fallin the curve during 
this time, and ‘01 and ‘1 p.c. had no effect. 


1 In two cases, three minutes were taken to reach the maximum height ; in the control, 
the time was 1} mins. but the difference is within the range of normal variations. 
® For the effect on 1 p.c. nicotine op. p. 191. 
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Three experiments were made in which the curve was depressed to 
the base line before immersing in the later solutions of nicotine. The 
muscle was left in 0005 p.c. solution for $ hr., $ hr. and 2 hrs. respec- 
tively, In the first (Dec.) 01 pc. had a slight effect, and ‘1 pc. a 
doubtful one; in the second (Sept.) 001 p.c. had no effect, 01 at most 
a trace, but ‘1 p.c. caused a slow slight rise. The tracing of this experi- 
ment is given in Fig. 20. In the third experiment (March) the result — 
was as in the second. 


Fig. 20. x}. Musele clamped above humerus. 56 in continuation of a. 

0’—Stim. with M and B shocks; c=10 and e=8. 

4’—Nicotine 0005 p.c. for 84 mins.; tracing for 30 secs. taken at intervals of 
5 mins. 

89’—Nicotine ‘001 p.c. for 2 mins. 

42’—Nicotine “01 p.c. for 2 mina. 

‘Nicotine +1 p.c. for 2 mins. 

48’—Nicotine 1 p.c, for 2 mins. Lea 

The lever was depressed to the base line in the interval between running off one 
solution, and running in the next. 

The rise with -0005 p.c. nicotine was about the minimum obtained in the seven 
experiments and showed the greatest fall. 


Thus the substance stimulated by relatively strong solutions is to 
great extent “paralysed ” by very dilute solutions, and it is fairly certain 
that the “paralysis” can be caused by solutions more dilute than the 
one I have used. 
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Contraction of the neural and of the non-neural region of the muscle | 
fibres. For convenience I use the term “neural” region for the part of 
the muscle fibre specially responsive to nicotine (leaving open the 
question of its exact limits), and the term “non-neural” region for the 
rest of the muscle fibre. 

We have seen in Part I by the punctiform method, that nicotine up 
to about ‘1 p.c. causes contraction in the sartorius confined to the 
neural region, and that 1 p.c. nicotine causes contraction both in neural 
and non-neural regions. The two contractions are readily shown by 
the graphic method. The coraco-radialis muscle sometimes shows two 
similar contractions, but this is not always the case. The consideration 
of the cause of the absence of contraction with 1 p.c. nicotine was 
deferred in Part I until the flexor carpi radialis was dealt with, in 
which, as I mentioned, I had as a rule found that 1 p.c. nicotine caused 
no rise in the curve. 

I have made more than a vere experiments in which the muscle 
was successively immersed in nicotine ‘001, 01, ‘1 and 1 p.c. at intervals 
of about 3 minutes. In nearly all of these, there was either no 
immediate’ rise in the curve with 1 p.c, nicotine, or a trifling rise 
which could not certainly be attributed to it. Examples of the curves 
obtained have been given in Figs. 6 and 7. In Fig. 6, 1 p.c. nicotine 
clearly has no effect; in Fig. 7, the curve was rising at the time of 
immersing the muscle in 1 p.c. nicotine, and the slow rise on immersion 
was probably only the continuation of the previous rise. In one case 
there was apparently a slight rise, and in one case, a rise was distinct 
though slight. 

In the observations on the coraco-radialis muscle, a somewhat 
different mode of experiment was employed, inasmuch as the muscle 
was stretched for a moment to its original length 30 seconds before 
immersing it in each solution of nicotine (cp. Part I, Fig. 14). In 
three such experiments made in September with the flexor carpi radialis 
muscle, 1 p.c, nicotine had no immediate effect. The curve obtained in 
one of these is given in Fig. 21. The curves in the other two experi- 
ments differed somewhat in detail, but the only noteworthy feature was 
in the action of ‘1 p.c. nicotine ; this in one case allowed the existing 
rise in the curve to continue, and in the other slightly accelerated it. 

It will be noticed in Fig. 21 that there was a fall in the curve’ soon 
after the muscle was immersed in 1 p.c. nicotine. We have seen above 


a By immediate rise or fall, I mean one during the first minute. 
2 This gradually gave way to the shortening of nicotine rigor. 
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_ (p. 178) that the relaxation of the muscle sets in more quickly with 


1 pe. nicotine than with ‘01 p.c. It is natural then that when the muscle 
has already been acted on by more dilute solutions, the relaxing effect 
of 1 p.c. nicotine should show itself sooner. The time of onset varies 
however not inconsiderably in different cases. 

In seven cases the effects of successive solutions of nicotine of 
increasing percentage were tried (Jan. to June) after more or less 
prolonged nerve stimulation. In five of these, 1 p.c. nicotine had no 
immediate effect, in one it caused apparently a trace of rise, and in one 
an appreciable, though slight rise in the curve. 


Fig. 21. Red +4. Muscle clamped above humerus. R. In Ringer’s fluid for 20 
minutes. drum. Stim. with M and B; c=8. Raise lever to base line. 
Add successively nicotine -001 p.c., -01 p.c., *1 p.c., for two minutes each with an 
interval of 1 min. between each during which the lever was depressed to the base line. 
Then add nicotine 1 p.c. 


Now in the muscle as fixed in the apparatus there are nerve- 
endings in practically every cross section except at the upper angle 
(cp. p. 167). Since with dilute nicotine the contraction is confined to the 
neural regions, it is conceivable that the contraction of the neural 
regions of a bundle of muscle fibres should throw into folds the 
non-neural regions of the other fibres in the same cross section of the 
muscle. In consequence a certain degree of contraction of the non- 
neural region might take place, and serve only to straighten the folds 
without shortening the muscle. | 

In order to test this possibility, an experiment (March) was made 
on a portion of the muscle. The anterior grds of preparation ii described 
on p. 168, in which the upper and lower ends contained no nerve-endings, 
was taken, and was fastened with the humerus horizontal. In this case 
1 pc, nicotine, after previous weaker solutions, caused a distinct rise in 
the curve (cp. Fig. 22). In view however of the differences shown by 
the muscles of different frogs, it seemed possible that the difference in 
result might be due to an intrinsic difference in the muscle and not to 
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a difference in the method of experiment, In consequence, I made two 
experiments in which the whole muscle of one side was taken and 


arranged in the usual way, and 
the fan-shaped preparation of the 
muscle (Prep. ii, p. 168) Was taken 
on the other side and the upper end 
fixed horizontally. The muscles 
were immersed in successive solu- 
tions of nicotine of increasing per- 
centage in the usual way. In all 
four cases 1 p.c. nicotine caused a 
more or less obvious shortening of 
the muscle ; it occurred not only 
in the fan-shaped preparation of 
the muscle but also in the whole 
muscle and there was no decided 
difference between them. One pair 
of curves is given in Fig. 23. It 
will be noticed that in Fig. 23 A 
‘1 pc. nicotine caused a slight rise, 
but only after an interval of 30 to 
40 secs.', i.e. the action was slight 
or none on the superficial fibres; 
the rise with 1 p.c, nicotine began 


Fig. 22. The muscle fibres ending in the 
carpus with short tendon were cut away, 
and about 4rd of the remainder on the 
posterior border. The humerus was 
suspended in a horizontal position. 
The muscle was immersed in solutions 
of nicotine as in Fig. 21 (-001 p.c. gave 
a slow rise, the effect of -01 p.c. was 
as in Fig. 21, «1 p.c. caused a slight 
rise); the effect of 1 p.c. is shown in 
the figure. S—stop 2 mins. 


at once, #.¢. it acted at once on the superficial fibres. 

I conclude then that there are individual differences in the response 
to 1 pe. nicotine (after previous more dilute solutions) in different 
muscles. I have mentioned the time of year at which the several 
experiments were made, but the season is I think only an indirect 
factor in the result ; I should expect to find a difference in response at 
all seasons according to the condition of the animal. Some of the 
experiments on partial fatigue were made in June, and in these 1 p.c. 


nicotine had no effect. 


I conclude also that if there is any folding of the non-neural region 
of one fibre by the contraction of the neural region of an adjoining 
fibre, it does not, in this muscle, appreciably influence the action of 


1 p.c. nicotine. 


In the experiments described above the solutions of nicotine were 
applied in two conditions, one in which the muscle was left free to contract 
1 This occurred in both experiments of the other pair. 
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continuously, and one in which the muscle was extended to its original 
length a short time before applying the solution. Although in both 
conditions 1 p.c. nicotine may have no effect, the effect when produced 
is appreciably greater in the stretched than in the unstretched muscle. 
In the former the contraction starts at a lower level than in the latter. 
This suggests that the less the muscle is shortened at the time of — 
immersion in 1 p.c. nicotine, the more likelihood there is of its causing 
a visible contraction. In order to test this I have made experiments in 
various ways. 

(a) We have seen (p. 181) that when a muscle is stretched at 
intervals after immersion in nicotine, the return rise becomes less and 
less, though the lever for a long time remains slightly above the base 
line. If, in the later stage, the muscle is immersed in 1 p.c. nicotine, 
a slight rise takes place. In Fig. 15 C an example of this is given. 
Here ‘1 p.c. nicotine applied 36 minutes after ‘01 p.c. (the muscle having 
been stretched to its original length three times) had no effect but 


1 p.c. nicotine caused a distinct though slight contraction. 


Fig. 24. x4. Continuation of curve, Fig. 17 a. 
_ 0’—Eind of 20 mins. in nicotine «1 p.c. 
2’—Nicotine 1 p.c. for 15 mins. Stim. with M and B shock ; o=6. 
19’—Stop drum ; wash muscle three times with Ringer’s fluid and leave in Ringer’s 
fluid for halfan hour, Then start drum and repeat the stimulation. 


(b) As described above the rate of relaxation of the muscle . 
increases with the load (p. 183). I have accordingly weighted the muscle 
and applied 1 p.c. nicotine when the curve obtained with a diluter 
solution has fallen to, or below, the base line. An example is given in 
Fig. 24. The muscle was loaded with 7 grams and immersed in ‘1 p.c. 
nicotine. The lever returned to the base line in about 20 minutes. 
The solution was then run off and 1 p.c, nicotine added ; as the figure 
shows, it caused a slight rise for about 30 seconds passing into a more 
gradual one. A similar contraction is obtained if 01 p.c. nicotine is first 
applied, about 20 mins. later ‘1 p.c., and then 1 p.c. nicotine. But the 
longer the muscle is left in the diluter solution, the less apparently 
is the immediate contraction with 1 p.c. 
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Heavier loads were also used, In Fig. 17 6, the muscle being 
weighted with 32 grams, it is seen that 1 p.c. nicotine after ‘1 p.c. 
apparently delayed the fall, though it did not cause a rise in the curve. 
I have varied the experiment by applying nicotine solutions of increas- 
ing percentage to the muscle, increasing the load after each solution so 
as to extend the muscle approximately to the base line (see Fig. 25). 
Here again 1 pc. nicotine caused a slight contraction. 


Fig. 25. x4. Muscle clamped above humerus, 
0’—Nicotine -001 p.c. for 2 mins. Add load of 2°5 grams. 
5’—Nicotine -01 p.c. for 2 mins. Add farther load of 2-2 grams. 
94’—Nicotine ‘1 p.c. for 2 mins. Add further load of 3-6 grams. 
18’—Nicotine 1 p.c. for 2 mins. 


(c) In the experiments in which the influence of very dilute 
nicotine on subsequently applied stronger solutions was tried (cp. p. 185) 
the muscle was finally immersed in 1 p.c. nicotine, In all cases some 
effect was obtained, but the form of the curve varied, sometimes 
showing a quicker rise in the first 30 seconds, sometimes little or no 
preliminary quickening (cp, Figs. 20, 27). 

The following Table gives a summary of the results : 


p.c. nicotine Effect of 1 p.c. nicotine 

1 } hr. Rise of 9 mm, in 30”, then much slower steady rise. 

2 3 br. Rise of 2 mm. in 15”, then much slower steady rise. 

3 eee. Rise of 2 mm. in 20”, then much slower steady rise followed by 
slight fall. 

4 4 hr. Trifling slow rise. 

5 4 hr Slow rise (cp. Fig. 20). 

6 2 hrs. Rise of 5 mm. in 15”, then slower, not inconsiderable rise. 

7 8 hrs. Slight slow rise, a trifle faster in first 20 secs. 


(a) I have tried to prevent the shortening of the muscle with dilnte nicotine by killing 
the muscle on the region of the nerve-endings. The fan-shaped preparation of the muscle 
was taken, and a strip of metal heated to 60°—70° C. placed along the region of the nerve- 
endings on each surface of the muscle. Two such experiments were made, Induction 
currents caused a very slight contraction. Nicotine up to ‘1 p.c. caused no rise, 1 p.c. 
nicotine caused a slight rise at once, which slowly increased for some time and then gave way 
to a fall, so that 4 hours from the start the original level was nearly reached. A similar 
curve was obtained in one experiment in which the musele was clamped in the upper part 
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of the nerve-ending region. In these cases however the conditions are complex, since the 
dead portions of the muscle fibres rapidly disintegrate in fluids which are not isotonic, and 
it is difficult to say what the effect of this is on the remaining portions. 


The preceding experiments show that when the muscle is stretched 
to approximately its normal length, 1 p.c. nicotine constantly causes 
some contraction after *1 p.c. has ceased to have an effect. We have 
seen that this effect is frequently absent when the muscle is already 
much shortened, 1.¢. the response to 1 p.c. nicotine after previous more 
dilute solutions depends to a great extent upon the degree of shortening 
of the muscle at the time at which it is immersed in the stronger 
solution. It is to be noted that this holds both in the early stage of 
contraction with dilute nicotine when the contractile force is not 
inconsiderable, and in the later stage when the contractile force is slight 
or nil. Since the contraction with dilute nicotine is, so far as can be 
judged, wholly in the neural region, the contraction with 1 p.c. nicotine 
in the stretched muscle must be chiefly at any rate also in the neural 
region, Hence the graphic method gives evidence of but a slight 
irritability to 1 p.c. nicotine of the non-neural region, and tends to 
show that not infrequently such irritability is absent. 

The question of the degree of irritability to nicotine of different 
parts of a muscle .fibre can be best determined by the punctiform 
method. A complete examination of the muscle by this method I 
have not yet made, but I may mention some results for comparisen 
with those obtained by the graphic method. On the outer surface of 
the muscle there is a band about 3 mm. broad in which tonic contraction 
at once follows application of 01 pc. nicotine’. This strength of 
nicotine never, so far as I have seen, causes contraction in the upper 
and lower ends of the muscle. The region which is unaffected at the 
upper end extends about 2 mm. from the humerus, that at the lower 
end extends 4 to 5 mm. from the tendinous insertion; 1 p.c. nicotine 
applied to these regions has a variable effect, usually it causes a distinct 
local tonic contraction, but this is often not obtained from all spots 
especially close to the tendon; and in some muscles I have not found 
any effect. I have mentioned (Part I, p. 360) that at the extreme end 
of the sartorius, 1 p.c. nicotine may cause no visible contraction; the 
irritability, then, to nicotine of the ends of the flexor carpi radialis is 
slight,and resembles a rather shorter region of the ends of the sartorius, 
If the surface of the muscle has been brushed over with ‘1 p.c. nicotine, 


1 Much lower percentages usually have an effect, bat the minimum amount is for the 
present purpose unimportant. 
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1 pc. nicotine will cause contraction in a number of separate spots in 
the middle of the muscle (whether these contain nerve-endings or no), 
its action on the ends being not certainly different from that in the 
fresh muscle. 

These results harmonise up to a certain point with those obtained 
by the graphic method, but they would lead one to expect a more 
frequent and a greater contraction with 1 p.c. nicotine (after more dilute 
nicotine) than is shown by the graphic method. By the punctiform 
method it is difficult to judge of the strength of the contraction, and it 
is possible that the contraction seen is much weaker than it appears to 
be, and hence has but a slight or no effect on the length of the muscle 
as arranged for the tracings’. 

One other point with regard to punctiform application may be 

mentioned. It gives some evidence in the flexor carpi radialis as in the 
_ sartorius (cp. Part I, pp. 360, 361) that the irritability of the muscle to 
nicotine diminishes from the nerve-ending region to the tendon both in 
the neural and the non-neural region. I may point out that a similar 
grading of irritability to induction shocks explains the results obtained 
by Pollitzer® much more satisfactorily than the theory he adopts. He 
follows Ktihne in taking the irritability of the muscle fibre to be the 
same throughout, and the variation in the minimal current required to 
produce a contraction to be due to the presence of nerve-endings, and 
to their number. It appears to me that the number of nerve-endings 
cannot influence the result unless the method does not allow the 
contraction of a few fibres to be observed, and even then the minimal 
current will not be proportional to the number. If the irritability of 
the muscle fibre is the same throughout and the irritability of the 
nerve-endings is the same, the variations in irritability can only be 
(1) that of muscle, (2) that of nerve-ending, (3) that of muscle and 
nerve-ending, assuming that there can be here a summation of stimuli. 
In fact, Pollitzer found that hardly any two parts of the muscle 
had the same irritability ; and that there were differences in the region 
which according to his figures were free from nerve-endings. 

Nicotine rigor. As in other muscles, the nicotine rigor with the 
diluter solutions of nicotine only begins after a considerable interval and 


_ 1 There is some indication that immersion of the muscle in dilute nicotine reduces the 
irritability of the general muscle substance to 1 p.c. nicotine, but the evidence is not very 
satisfactory, probably in consequence of the different condition of the muscles at the 
beginning of the experiments. 
* Pollitzer, Journ. Physiol. vm. p. 274. 1886. 
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proceeds very slowly; thus there may be no second rise for some hours 
in ‘1 pe. nicotine, I have not however made sufficient experiments to 
give trustworthy data as to the time required for the onset of rigor 
with percentages of nicotine from ‘1 p.c. downwards. 

When the muscle is placed straightway in 1 p.c. nicotine there is 
usually an interval of about twenty minutes before a second rise occurs 
in the curve. Thus in Fig. 13 the second rise began in 18 mins. The 
interval however varies and it may be considerably longer, thus in 
Fig. 9 6, there was no second rise in 40 mins, The onset of the second 
rise does not in these cases mark the beginning of the rigor, since it 
does not occur until the rigor shortening is greater than the relaxation 


going on simultaneously in the neural region. 


Fig. 26. 

a. Is the tracing at the end of an experiment in which the muscle was immersed 
successively in -0001, ‘001, ‘01, -1 and 1 p.c. nicotine in the manner shown in Fig. 21. 
The latter solution was added 2 mins. before the beginning of the tracing in the fig. 
The drum was stopped for six periods of 10 minutes each. The drum was then 
stopped for 1 min., the nicotine run off, and the lever depressed. The muscle was 
stimulated with M and B induction shock, c=0; the lever again depressed, and the 
muscle stimulated with a tetanising current, c=0. 

b. This is a continuation of the tracing given in Fig. 21, but less reduced. The 
drum was stopped for four periods of 10 minutes each. 


When 1 p.c. nicotine is added after more dilute nicotine, before any 
considerable relaxation of the neural region has occurred, the interval 
before the second rise is not greatly affected. Thus in Fig. 26a, it was 
more than 20 mins. before the rigor rise showed itself on the curve ; on 
the whole however the interval in my experiments was apparently 
slightly diminished. 

When 1 p.. nicotine is added after the more dilute nicotine and 
when the shortening of the muscle is slight, the contraction continues 
in nearly all cases without fall into the rise of rigor (cp. Fig. 24). 
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In these cases then it is probable that the rigor rise begins at once. 
Since on immersing a muscle in nicotine all the superficial fibres are 
affected at the same time, we should expect the rise to be quicker in 
the first 10 to 20 seconds than later; and it becomes a question whether 
the preliminary quicker rise can be attributed to this, or whether it is, 
as I have assumed it to be in the sartorius, a special stimulating action, 
different from that in rigor. When the preliminary rise is very small, 
as it is in some cases, there is no reason for assuming a special stimula- 
ting action, but since the rise of nicotine rigor is very slow, such action is 
I think indicated when the rise'is marked (cp. Figs. 22 and 23). I 
should explain the results by the supposition that the irritability of the 
general muscle substance to 1 p.c. nicotine, though always slight in this 
muscle, varies in different individuals. As the question affects other 
muscles, I shall deal with it more fully at a later time. 

The nicotine rigor in all cases proceeds very slowly, lasting 1—2 hours. 
Two examples are given in Fig. 26a and 6, in which the extent of the 
rise at intervals of 10 minutes is shown, in other words 1 p.c. nicotine 
has a slow progressive action on the contractile substance, though the 
rate of action is no doubt made slower by slowness of diffusion. The 
rigor lasts half-a-day to a day, and (in the few experiments I made) it 
then took 3—4 hours to disappear. 

I have said in Part I that the rise of nicotine rigor in the coracv- 
radialis and flexor carpi radialis is relatively slight compared with that 
in the sartorius. This is true as regards the extent of shortening, but 
as the flexor carpi radialis is a much shorter muscle than the sartorius, 
_ a difference in the extent of shortening would be expected: I am not 
certain that there is any difference per unit length of muscle. The 
rise of nicotine rigor is however much less, relatively to the rise caused 
by dilute nicotine, in the arm muscles than in the sartorius. 

Effect of nicotine on the response to direct electrical stimulation. 
Single induction shocks. When nicotine 001 to ‘1 p.c. causes a good 
contraction, single induction shocks, applied at approximately the 
maximum height of contraction, produce a barely visible effect. The 


decreased effect is of course partly due to the muscle being already 


much shortened ; the influence of. this factor can to some extent be 
estimated by stretching the muscle to its original: length and again 
stimulating. The contraction obtained is still considerably less than 
normal, showing that the response of the muscle to single — 
shocks has been decreased by the nicotine contraction. 


Fig. 27 gives an unusually marked example of this decrease. Here 
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muscle was stimulated with the secondary coil successively at 8, 6, 4, 2, 0, 
at intervals of 10 seconds, causing the merest trace of contraction. 
Two minutes later the lever was depressed for a moment to the base 
line and a series of induction shocks with the secondary coil at 0 sent : 
into the muscle at intervals of 10 seconds. The curve shows that the q 
coutraction though distinct was much less than normal. ; 
The effect of stretching on the visible response is greatest early in 
the nicotine action, it decreases with more prolonged action or after ) 
stronger nicotine {cp, Fig. 24). 


| 


Fig. 28. Frog small. The stimulation throughout was with break shocks. 

0’—BStim,. o=15. 

2’—Nicotine p.c. 

8’—S8top drum. 

5’—Ran off nicotine. 

6’—Start drum, depress lever, stim. c= 15. 

6}’—Stop drum, run in nicotine ‘01 p.c. and leave for 15 mins. 

21}’—Raun off nicotine, start drum, stim. c= 15, 

Stimulation with the coil at 8 produced contraction, and a slight contraction after 
the muscle had been 20 mins. in -1 p.c. nicotine and 5 mins, in 1 p.c. nicotine. 
The muscle was left for a further 10 mins. in 1 p.c, nicotine. All this part of the 
tracing is out out. 

58’—Start drum, depress lever, stim. successively with o=15, c=8, e=0. 


Taking the muscle as a whole, there is a decrease in irritability after 
a nicotine contraction, 1.e. shocks below a certain strength, previously 
effective, do not cause contraction. In Fig. 28~it is seen that the a 
break shock, with the secondary coil at 15, caused some contraction & 
after the muscle had been about 4 mins. in 01 pc. nicotine, but not 
after it had been in the solution for 20 mins. The break shock with 
secondary coil at 8 ceased to have an effect after the muscle had been 
about 20 mins. in ‘01 p.c., 20 mins, in ‘1 pec. and 15 mins. in 1 p.c. 
By the method I have used, the current is sent from end to end of 
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the muscle so that with weak currents the contraction may be due to 
stimulation of intra-muscular nerves and not to stimulation of the 
muscle. Since dilute nicotine acts on the neural region, and ‘01 p.c. 
(about), abolishes the effect of stimulating the nerve fibres (cp. below, 
p. 204), the decrease of irritability in the muscle as a whole is probably 
in part due to a weakening of the effect of the intra-muscular nerves, 
te. on my view to a decrease of irritability of the neural region. The 
conductivity of the neural region is apparently decreased by dilute 
nicotine, but I have not yet made decisive experiments on this point. 

We have seen that the extent of the nicotine contraction varies in 
different cases. The decrease in the response to a given stimulus is 
greater when the contraction produced by nicotine is great than when 
the contraction is slight; and it is probable that the decrease in 
response is directly proportional to the extent of the nicotine conirac- 
tion. 


Fig. 29. x4. Anterior half of muscle, a from one muscle, } and ¢ from another. 
3 a. Nicotine rigor after 874 mins. in 1 p.c. nicotine (continuation of curve Fig. 
18). Depress lever. Stim, with M and B shock; c=0. 
b. 1} hours in ‘1 p.c. nicotine. Stim. with M and B, o=8, then with c=0 (c) 
10 mins. after (b), muscle having been partly stretched in the interval. Stim. M and 
B, c=0; add 5 grams to load, and repeat stimulation. At W’—weight taken off, 


A decrease in the response of the muscle is also caused by dilute 
nicotine irrespective of contraction. This is a slow and gradual action, 
and is proportional to the percentage of nicotine. It is hardly necessary 
to give a special figure to illustrate this; that the action is not rapid is 
shown in Fig. 27, nicotine ‘01 p.c. for six minutes, causing no contraction, 
had no obvious effect on the response’. 

Nicotine 1 p.c. causes rapidly a considerable decrease in the response, 
and in the irritability of the muscle, to single induction shocks. The 


2 The primary effect of -01 and of -1 p.c. nicotine after ‘001 p.c. seems often to be a 
slight increase of effect. 
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very but it does not rapidly disappear ; 
with sufficiently strong induction shocks « trace of rise in the tracing 
may be obtained at approximately the maximum shortening of nicotine 
rigor. Thus in Fig. 29a, the muscle had been immersed in 1 p.c. 
nicotine for 38 minutes; and contraction was still obtained with the 
make and break induction current. This suggests that the conductivity 
is more affected than the irritability, but it may be due to the neural 
region of the muscle being more altered than the ends; so that ‘the 
induction shock causes local polar contraction only. 

The form of the myogram produced by. single hidlaitionteliocks is 
altered progressively by nicotine in proportion to its percentage and 
the duration of its action. It is to be remembered that the changes 
here spoken of are considerable ; such as are seen in a myogram on a 
very slowly moving drum’. 

During the rise of a nicotine contraction curve, single induction 
_ shocks always cause contracture (using this term for convenience) 

(cp. Fig. 28). . During the plateau or the relaxation after dilute nicotine 
they may cause contracture or a fall below the starting point, the latter 
usually ocourring towards the end of the relaxation, so that at some 
stage successive stimulations hasten the fall (cp. also p. 208 on the effect 
of nerve stimulation). This is no doubt due to the altered physical 
condition of the muscle; the falling weight extends the muscle and 


there is little or no elastic return. i 


In the later stages of nicotine action the contracture, consequent on 
stimulation, increases, and a round topped curve is obtained with a 
fall lasting half a minute to a minute (cp. Fig. 30a). Still later there 
is a flat plateau lasting a minute or more as in Figs, 28 and 29 a, this 
however is only with a light weight; with a sufficient weight the plateau 
is absent, and the fall is concave above, more or less as in Fig. 29 c. 

Occasionally I have obtained a double curve from single induction 
shocks, like that given by a veratrinised muscle (cp. Fig. 29 b and c). 

Rapidly repeated induction shocks. The decrease in response to the 
interrupted current suffers less change. We have seen that at the 
maximum of a nicotine contraction, single induction shocks may give 
a trace of rise only; tetanising currents always produce an obvious rise. 
At a later stage when strong induction shocks (cell of 1 volt, secondary 
coil at 0) produces but a slight rise in the curve, the interrupted current 
will cause a considerable contraction (cp. Fig. 30a, also the ends of 
Figs. 5, 7, 26a, 27), The contraction caused by the interrupted 
? The normal variations are mentioned on p. 168. 
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current produces marked fatigue, so that a second similar stimulus a 
minute or two later has usually a comparatively slight effect. Prolonged 
stay in Ringer's fluid does not restore the irritability to single induction 
shocks, though it reduces the contracture caused by the interrupted 
current (cp, Fig. 30 b). 


Fig. 30. Muscles clamped above humerus. Load 7 grams. | | 

a, Stimulate with M and B shock, c=0, and two minutes later with a tetanising 
current, c=0. (The muscle had been 30 mins. in ‘01 p.c. nicotine, 10 mins. in ‘1 p.c. 
and 10 mins. in 1 p.c.) 

b. Stimulate with M and B shock, c=0, then with a tetanising current for 10 
secs., then with a M and B shock three times. (The muscle had been 20 mins. in 
‘1 p.c. nicotine, 15 mins. in 1 p.c. and 16 hours in Ringer’s fluid. The figure is a 
continuation of Fig. 24 but not reduced.) 


Galvanic current. The current of five Daniell cells passed through 
the muscle a few minutes after dilute nicotine has been added causes, 
after the closure contraction, a slow partial relaxation, te. the anodic 
relaxation is greater than the kathodic persistent contraction. The 
descending current causes a greater relaxation than the ascending 
current, no doubt because with the former a greater extent of the neural 
region is in anelectrotonus. On opening the current, the relaxation 
(after the opening contraction) is rather greater with the ascending 
than with the descending current. Fig. 31 shows the effect of a 
descending current, sent through the muscle for 5 minutes the closure 
contraction is small and the opening contraction relatively large. 
Fig. 32 shows the effect of an ascending current, the closing and opening 


Pi. 
x 
bd 
4 
> 
Lal 
7 
4 
4 
> 
? 
“ 
2 
‘ 1 
A 
iw 
1 
P 
é 
‘ 
‘ 
t 
\ 


209 J. N. LANGLEY. 


contractions are more equal, and the relaxation during the passage of 
the current is less. When the nicotine has acted for some time, the 
relaxing effect of the galvanic current is less; it may however be marked 
with the descending current after the muscle has been immersed for 
15 mins, in ‘01 p.c. nicotine (cp. Fig. 33). : 


Fig. 31. x. Nicotine “Ol p.c. for 2 mins., then run off gna Stimulate with current of 
5 Daniell cells in series in descending direction for 5 mins. 


‘Fig. 82. Reduced +4. Nicotine ‘01 p.c. for 5 mins., then run off and stimulate with 


current of 5 Daniell cells in series in ascending direction. A similar curve is _ 


obtained if the muscle is immersed in nicotine for 2 mins. only. 


When the descending current kept on for a minute causes contraction 
only, it produces (as would be expected) a fall if preceded by an 
ascending current, the fall, when the current is kept on, continues 


below the level of the curve at the time the ascending current was 
sent in. | 


amg 
4 
4 
Ts 
* & 
‘ 
J 
* 
« 
4 
4 
3 
iz 
4 
2% 7 
ye 
4 4 
> 
~ 
x 


NICOTINE ON FROG’S ARM MUSCLES. 203 
Nicotine lowers the response of the muscle to the constant current - 


but the response to the current of 3 to 5 Daniell cells is leas reduced 
than that of strong single induction shocks. The form of the myogram 
is not greatly altered. I have obtained after nicotine, curves of the same 
type as those obtained with the fresh muscle except that of twitch 
without contracture. , In general it may be said that the muscle after 


nicotine behaves to the constant current like a fatigued muscle. 


Fig. 88. Reduced +4. After 15 mins. in nicotine 01 p.c. Stimulate with galvanic 
current (5 small dry cells about 1 volt each), first with ascending current and then 
with descending current. The duration of the stimulus is shown by the marker. 
Time in 10 sees. 


Effect of nicotine on the response to indirect electrical stimulation. In 
these experiments a nerve-muscle preparation was made with the 
brachial nerve and the flexor carpi radialis, the nerve being stimulated 
_ instead of the muscle. The effect of nicotine ‘01 p.c. and upwards on 
the response is similar to that which it has when the muscle is directly 
stimulated, i¢. a rapid decrease in the response to single induction 
shocks and a much less decrease in the response to tetanising currents. 
Fig. 34 shows the effect of nicotine on single induction shocks. The 
shocks were sent into the nerve at intervals of about 20 seconds before 
and after immersion of the muscle in 01 p.c. nicotine. It is seen that 
the contraction obtained soon becomes slight, and that after 8 minutes, 
even with the secondary coil at 0, no contraction at all is visible on the 
curve. Fig. 35 shows the effect of nicotine on weak tetanising currents 
(secondary coil at 15). The tetanising current was sent into the nerve 
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for about a second at intervals of a minute. In this case a fair contrac- 
tion was still obtained with unaltered strength of current after 8 minutes, 
and a slight contraction after 13 minutes. It will be noticed that the 
contractions increase the rate of relaxation of the muscle. 


Fig. 34. x4. The brachial nerve was stimulated with break induction shocks at short 
intervals (generally 20 secs.) “before and during immersion of the muscle in 0! p.c. 
nicotine. The position of the secondary coil is marked in the tracing. At ‘ stop 
drum for 20 mins, ; at S’ for 5 mins. 


Fig. 85. x4. The brachial nerve was stimulated with a weak and brief tetanising 
_ current (c= 15) at intervals of a minute, before and during immersion of the muscle 
in ‘01 p.c. nicotine. S—drum stopped for 5 mins. Then the nerve was stimulated 
with a tetanising current, first with seo. coil at 10, then with sec. coil at 0. 


The final extinction of the nerve effect occurs rather suddenly 
as it does in a similar experiment when curari is used instead of 
nicotine. 

I have made one experiment only with ‘001 p.c. nicotine. In this 
the effect of weak tetanising currents was but slightly decreased 
(cp. Fig. 36), the acceleration in the fall of the curve came on much 
later, and the nerve still caused contraction after three-quarters of an 
hour, 

The question of the conduction of the nicotine contraction. I have said 
in Part I, that on punctiform application of nicotine to the flexor carpi 
radialis and most other muscles the visible contraction is at the spot to 
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which the nicotine is applied, but that there are indications in the fresh 

muscle that the contraction is more or less conducted. Later observations 

seem tome to make it certain that on application of 1 p.c. nicotine to the 

non-neural region there is no conduction to the neural region, and I am 

inclined to think that the indications of conduction in and from the neural 

— are fallacious, but so far I have not been able definitely to prove 
is. 


Fig. 36. x. Brachial nerve stimulated with a weak and brief tetanising current (c= 15) 
at intervals of about a minute before and during immersion of the muscle in -001 p.c. 
nicotine. There was an interval of 41 mins. 
tracing, during which the nerve was stimulated 26 times. 


I have made some observations also by the graphic method. One end 
of the muscle was attached to the recording lever, the muscle was lightly 
stretched and clamped in the middle. The opposite end below the 
clamp was left hanging free and without load’. A weak induction shock 
was applied to the free end and a conducted contraction obtained in the 
opposite end. Nicotine ‘01 to 1 p.c. was then applied to the free end, it 
caused this end to contract towards the clamp but did not cause any 
movement in the lever attached to the opposite end. 


1 With the apparatus I have used, the conductivity of the muscle was destroyed, if 
the clamp was tightened firmly enough to prevent stretching, one end affecting the 
other. 
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SUMMARY AND REMARKS. 


The flexor carpi radialis muscle of male frogs when loaded with 
2—2} grams, and immersed in nicotine 0001 pc. to 1 pc. gives a 
myogram in which the rise lasts one or more minutes, after the rise 
there is a more or less prolonged, nearly level, plateau, and this is 
followed by a slow fall. 

With sufficiently dilute nicotine (about 0005 p.c.), the rise is 
protracted, lasting 10 to 20 minutes. In general the ascent increases in 
rate as the percentage of nicotine is greater, this is marked up to ‘01 p.c., 
and slight only, and often not appreciable, frum 01 toi p.c. With the 
higher percentages the duration of the rise in the muscle of freshly 
caught and active frogs is 1 to 3 minutes. 

The height of contraction is not appreciably different with ‘01 p.c. 
and 1 p.c. nicotine, 

The duration of the plateau varies in general inversely as the 
percentage of nicotine. 

The fall with nicotine up to ‘1 p.c. goes on for several hours, the rate 
of fall after about half-an-hour becoming progressively slower. 

The form of the myogram is much the same whether the muscle is 
left in dilute nicotine for a few minutes or for one or two hours, and it is 
not appreciably altered by leaving the muscle for some hours in Ringer’s 
fluid before immersion in nicotine. 

The details of the curves, in rise, platean and fall, vary considerably 
in different frogs though freshly caught and active. The variation is 
very great in frogs which have been kept for some time, and in torpid 
frogs. 


The irritability to nicotine is usually much diminished, and a slow 
prolonged rise, like that given by very dilute nicotine in a “normal” 
muscle, may be given by any strength of nicotine up tol p.c. A similar 
change in response is gradually brought about by leaving the muscle in 
the body after death, and more rapidly by exposure of the muscle. 

Stretching the muscle for a moment to its original length during 
the nicotine contraction is followed by a quick shortening amounting to 
$—+ of that previously existing, and then by a slow gradual shortening 
-sithilar to that of the nicotine contraction. Such stretching especially 
in the plateau and the fall of the curve lowers the general level of the 
curve, A similar return after brief stretching is given by a tetanised 
muscle in the latter part of its tetanisation, ie. when the muscle is 
fatigued. 
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When the muscle is loaded with 5 to 10 grams the original length 
is regained after immersion in ‘01—‘1 p.c. nicotine in 15 to 20 minutes. 
The nicotine contraction will lift a load of more than 60 grams, The 
absolute height of the lift is only slightly greater with 1 p.c. than with 
‘01 nicotine. 

Slight and moderate fatigue produced by nerve stimulation has 
very little effect on the form of muscle curve caused by nicotine. 

Cooling the muscle to 1°—2°C. has very little effect on the nicotine 
contraction ; warming it to 23°—25°C. quickens the rise and after the 
summit of the rise there is a partial quicker fall before the ordinary fall 
sets in. | 

Placing the muscle for a quarter of an hour or longer in solutions of 
nicotine too weak to cause more than a slight contraction, reduces the 
irritability of the muscle to stronger solutions, so that 01 and ‘1 p.. 
may give little or no effect; 1 p.c. nicotine however causes a rise, 
usually quicker at first and slowly passing into nicotine rigor. 

After the muscle has been left in ‘01 p.c. nicotine for a certain time 
‘1 pe. causes no further shortening nor as a rule does 1 pc. If the 
contraction caused by ‘01 p.c. nicotine has been allowed to pass off, 
or if the elongation be hastened by stretching the muscle several 
times or by loading it, 1 p.c. nicotine causes some further shortening, 
though ‘1 p.c. does not. , 

Punctiform application of nicotine to the muscle gives better 
evidence that a 1 p.c. solution causes contraction in the non-neural 
_ region than is given by the graphic method; the effect however varies 

in different muscles. 

The nicotine rigor caused by 1 p.c. nicotine resembles closely that 
described in Part I for the sartorius and coraco-radialis muscles; it 
develops very slowly and gradually. 

Nicotine up to ‘1 p.c. decreases the irritability and the response of 
the muscle to single induction shocks broadly in proportion to the 
strength of the contraction it causes. In addition there is a slow 
decrease in irritability and response in proportion to the strength of the 
nicotine. 1 p.c. nicotine has a much greater and more rapid effect, and 
the single contraction is accompanied by great contracture, but slight 
contractions are obtained with single induction shocks up to about the 
time of maximal rigor shortening. With rapidly repeated induction 
shocks, a good contraction can be obtained at a time when strong 
single induction shocks give a trivial contraction only. 

The galvanic current causes, other things being equal, much greater 
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contracture than in the sartorius. Various forms of curves are produced 
in different circumstances. Nicotine reduces the response to the 
galvanic current, but most of. the forms of curves are obtained. Early 
in the nicotine contraction the galvanic current causes some relaxation, 
this is greater when the anode is at the top of the muscle; the 
relaxing effect is less in the later stages of nicotine action. 

In a nerve muscle preparation, the muscle being immersed in ‘01 p.c. 
nicotine, stimulation of the nerve with single induction shocks soon 
causes a slight rise only in the curve and ceases to have an effect in 
about eight minutes, whilst tetanising currents cause a not inconsiderable 
rise in the curve for 10 to 15 minutes. 

No evidence has been obtained by the ponetifore method of a 
contraction set up in the non-neural region passing to the neural region, 
nor by the graphic method of a tonic contraction set up in one half of 
the muscle passing to the other half. 


The observations described in this paper were partly undertaken to 
determine the behaviour of the normal flexor carpi radialis muscle, so 
as to establish a satisfactory basis for determining what are genuine 
changes consequent on degeneration of its nerve supply. 

Considerable differences have been found in different frogs, apparently 
in relation to their nutrition. These show that some degree of altera- 
tion in the reaction to poisons is to be expected in a denervated muscle as 
the result of the changed nutritive conditions brought about by inactivity. 


The differences affect every feature of the myogram,—the extent and ~ 


rate of the rise, the duration of the plateau, and the rate of the fall. 
Since exposure of the muscle modifies the form of the myogram, it is 
important to protect it from evaporation during dissection, and to flood 
it from time to time with Ringer’s fluid. In a degeneration experiment 
in which it is necessary to stimulate the nerve above and below the 
place of section, and to expose the muscle in order to be certain that 
the denervation is complete, a comparison of the muscles on the two 
sides is apt to be fallacious, for it is difficult to make the exposure and 
treatment of them the same. 

The observations were also in part undertaken in order to determine 
more accurately what differences exist in the response of different 
muscles to nicotine. The series, sartorius, certain specimens of coraco- 
radialis, flexor carpi radialis, show an increasing duration and strength 
of contraction when treated with nicotine up to about ‘1 pc. In all 
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three cases the contraction is mainly, and so far as the evidence goes 
exclusively, in a portion of the muscle fibres only—the neural region’, 
and we may take it that as a rule each portion of the neural region 
does contract more strongly in the flexor carpi radialis than in the 
coraco-radialis, and more strongly in the coraco-radialis than in the 
sartorius, | 

It may be doubted however whether this alone is sufficient to explain 
the difference in the strength of contraction in the muscles; it seems 
probable that in the flexor carpi radialis the neural region is more 
extensive than it is in the sartorius, i. the portion of the muscle 
responsive to dilute nicotine is in the former muscle less confined to 
the region immediately under the nerve-ending than it is in the latter. 

The slight and inconstant contraction produced by 1 p.c. nicotine in 
the flexor carpi radialis, after previous immersion in more dilute 
nicotine, is in striking contrast to that produced in similar circumstances 
in the sartorius. This is in part accounted for by the greater length of 
the muscle fibres in the sartorius; but the difference also implies a less 
responsiveness of the general muscle substance to 1 p.c. nicotine in the 
flexor carpi radialis than in the sartorius. This is borne out by obser- 
vations by the punctiform method. 

The non-neural region of the flexor carpi radialis does not respond 
better to 1 p.c, nicotine than the non-neural region of the sartorius, in 
fact it seems to respond less except when the extreme ends of the 
muscles are compared. It follows then that the response of the non- 
neural region of different muscles to nicotine does not necessarily run 
parallel with the response of the neural region. 

The fact that when the muscle is placed in ‘01 p.c. nicotine for two 
or three minutes, then washed with Ringer's fluid and left in Ringer's 
fluid, the relaxation remains incomplete for (at least) several hours seems 
to me strong evidence that dilute nicotine does not stimulate either the 
nerve-endings or the hypothetical myo-neural junction, but forms a 
chemical combination with some part of the muscle substance. So far 
as the nerve-endings are concerned, the degeneration method offers the 
best evidence. This I have in part dealt with earlier, and I shall deal 
with it more fully in a later paper. 

On the view that the contraction with dilute nicotine is originated 
by a chemical combination with some constituent of the muscle it 


1 Thus the prolonged contraction and the catalepsy of the fore limbs of the frog, 
produced by injecting a small quantity of nicotine, are caused by an alteration in a portion 
only of each muscle fibre, 
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follows that the extent of the contraction depends upon the rate of 
combination, for very dilute nicotine causes little contraction, but in no 

long time prevents considerably stronger solutions from causing one. 
Further the saturation of this constituent with nicotine tends to cause 
relaxation, for we have seen that in general the greater the percentage 
of nicotine the sooner the onset of relaxation. By the combination, 
the muscle substance is altered and this involves some alteration in 
physical characters; the physical alteration plays some part in the 
prolonged shortening of the muscle, in its behaviour when stretched, 
and in the cataleptic condition. 

Stronger solutions of nicotine, as 1 p.c., besides combining with the 
constituent in the neural region on which dilute nicotine acts, com- 
bine with some more fundamental part of the muscle throughout its 
length and slowly and gradually cause death in rigor, The form of the : 
curve which is sometimes obtained with 1 p.c. nicotine, after previous 
dilute solutions, suggests that there is a constituent in the general 
muscle substance, which combines comparatively readily with 1 p.c. 
nicotine and in so doing sets up contraction. This appears to be 
present more in the neural than in the non-neural region. It suggests 
further that there are one or more other constituents which combine 
slowly with 1 p.c. nicotine and in so doing induce nicotine rigor. The 
distinctness of these two actions is, so far as I have seen, much greater 
in the sartorius than in the flexor carpi radialis. 

The slow and gradual action of dilute nicotine after a primary 
quicker rise which occurs in some circumstances, suggests that the 
special constituent of the neural region is in different states of molecular 
combination ; the effect might however be due to a slower combination 
as the saturation point is approached. 

It will be seen I think from the preceding remarks that the results 
described in this paper confirm the general theory I have put forward 
(cp. Introduction to Part I) where they touch on it. The general theory 
involves a consideration of the action of other poisons, these I shall deal 
with later’, 


? Some account of the action of curari on the nicotine contraction I have already given. ; 
Curari readily stops the action of nicotine up to about ‘1 p.c., and I conclade that curari , 
also acts on the substance acted on by nicotine, i.c.on the muscle substance. The justice of 
this conclusion has been lately contested by Magn us (Arch. f. d. ges. Physiol. oxxum. p. 99. 

1908). My reasons for dissenting from Magnus’s view I shall give in a later paper on the 
mutual action pf the two poisons. 
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ADDENDUM. 


At the time the preceding pages were sent to Press, I was not 
aware that in March a Paper was published by Boehm! on the action 
of various substances, including nicotine, on the muscles of the frog. 
Roehm refers to my account of the action of nicotine on the fowl, but 
has overlooked those relating to the similar action on the frog and the 
toad. On most points on which he touches, he obtains similar results 
to those described either in my earlier papers or in this; he does not 
however distinguish the three contractions given by nicotine, viz. that 
confined to the neural region, that in the general muscle substance, 
and nicotine rigor. 

Boehm finds on injecting nicotine into the lymph sac of R. esc, 
there is in some cases a more or less complete abolition of direct 
irritability, the reduction of the effect being greater with single 
induction shocks than with the tetanising currents, and with tetanising 
currents than with the galvanic current. He did not in any case find 

” this effect in R. temp. Boehm, probably only investigated the leg 
muscles in R. temp.; in the arm muscles there is considerable reduction 
of irritability, and greater to single induction shocks than to tetanising 
currents. His results suggest that the leg muscles of R. esc. sometimes 
react to nicotine like the leg muscles and sometimes like the arm 
muscles of R. temp.* Boehm’s experiments on the graphic records of 
cut out muscles were made on the gastrocnemius and the semi- 
membranosus of Rana esculenta. I have mentioned in Part I (p. 366) 
that the reaction to nicotine of the gastrocnemius muscle differs only 
in detail from that of the sartorius, which I described at some length. 
The chief difference is that in the gastrocnemius, the shortening of 
the muscle is of longer duration than in the sartorius. Whether this 
can be regarded as a detail is perhaps a matter of opinion. I took for 
comparison the gastrocnemius of small frogs, in order to reduce the 
time required for nicotine to reach the deeper fibres, and loaded it 
with 5 to 7 grams, instead of with 2—2}, since it is a much stronger 

ai muscle than the sartorius. The form of the myogram is then of the 
same type as that of the sartorius, though the relaxation is slower. 
exp. harmak. tv. p. 265. 1908. 
B. Lxxvut. 187) that nicotine causes in the 
toad (Bufo var.) more or less tone and catalepsy in the hind limbs; in Rana temp. this is 
confined or nearly confined to the foot. 
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With a light weight the curve has a more or less prolonged plateau’, 
and if the muscle is large the plateau may occur with a load of 5 to 7 
grams, and a heavier load may be required to give the sartorius type of 
curve, A curve with prolonged plateau was obtained by Boehm in 
R. esculenta; his statement that the load has no effect on the extent 
or duration of the contraction, must I think be an oversight. 

Boehm describes the fall of the nicotine curve on electrical 
stimulation and gives more striking figures of this than I have given 
(cp. Part I, p. 357 and Fig. 7, and supra, p. 200). He finds that if the 
muscle is kept 4—1 hour under moist blotting paper, there may be no 
nicotine contraction (a much quicker disappearance of irritability than 
I have found, cp. supra, p. 174), that the rate of contraction decreases 
with very weak solutions of nicotine, but that the contraction is not 

much weaker with 005 p.c. than with ‘01—1 p.c. (cp. Part I, p. 367, 
and supra, p. 172). He also gives some account of the antagonistic 
action of curari, to this I shall refer in a later Part. 


1 When the lever is nearly counterbalanced, the sartorius curve shows a plateau. 
I have mentioned (Part I, p. 368) that when there is no load, the contraction produced by 
dilute nicotine in the neural region may last several hours. 
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STUDIES OF THE RELATIONSHIP BETWEEN RESPI- 
RATION AND BLOOD-PRESSURE. PartI. The effect 


of changes of intra-pericardial pressure on aortic pressure!. 
By THOMAS LEWIS. 


(From the Physiological Laboratory, University College, London.) 


DuRtN@ the course of these experiments cats, for the most part from 
2 to 3°5 kilos., have been employed. The animals have been anzsthetised 
with urethane, in the quantity of 1°25 grams per kilo., a.c.z. being 
subsequently administered in amounts sufficient to render them 
completely insensitive during the whole course of the experiments. 
Urethane has the special advantage of abolishing alterations of blood- 
pressure of afferent origin and rendering a a td constant line of 
blood-pressure. 

First method. With the cat fully sestnitiaitbiad: the carotid is 
connected to a pressure manometer (Hg. or Hiirthle), both vagi are 
isolated, and the external jugular prepared. The trachea is opened and 
connected by a T tube to the artificial respiratory apparatus and to a 
small and fairly sensitive Marey tambour. As a preliminary, a short 
tracing is taken of the blood-pressure and intra-tracheal pressures. 
With? or without the injection of curare, the chest is now opened and 
artificial respiration commenced. Through the opening in the chest, 
made by splitting the sternum, a cuff of the pericardium is prepared 
and this is tied short over the mouth of a suitable glass cardiometer. 
The space between the wall of the cardiometer and the contained 
heart is connected to a second Marey tambour; the tube used for the 
purpose is broken by the insertion of a T junction through which the 
pressure in the whole system can be varied at will, The tambour used 
is one suitable for recording the pressures rather than the volumes of 


1 The expenses involved in this work have been partially defrayed by a grant from 
the Royal Society. 

2 With the administration of curare, s.c.z. is continued in percentages necessary to 
keep the animal immobile under ordinary circumstances. 
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the pericardium. While simultaneous records of blood-pressure, intra- 
tracheal pressure, and intra-pericardial pressure are being recorded the 
last is varied over a range of a few mm. Hg., positive or negative. 
Such an alteration may be produced as a rule by the simple expedient 
of opening or shutting the T tube connecting with the atmosphere, the 
alteration of intra-pericardial pressure depending on the particular 
phase of the cardiac cycle obtaining at the moment of closure’. When 
the respiratory changes of blood-pressure are large, the variation in 
intra-pericardial pressure is accomplished during brief periods of apnea, 


Fig. 1. Cat 24. Vagiont. Urethane, a.c.s. curare. Artificial respiration. B.-P.=blood- 

pressure. P.= pressure in the cardiometer, the letter reste on the line of atmospheric 

The tracing shows the alteration of blood-pressure consequent on smal! 

changes of pressure in the cardiometer. Both curves were taken with Hg. manometers 

and neither is magnified. In this, as in all tracings reproduced, the curves in which 

pressures-are marked are upright, and the figures represent mm. Hg. All figures read 
from left to right. 


lasting from 20—40 secs. The experiment has been performed with 
and without curare, with and without vagal section, with the abdomen 
opened and closed. These factors are found to make little or no 
difference to the results. Examples of the tracings obtained are given 
in Figs. 1 and 2. The relation of changing intra-pericardial pressures 
and blood-pressures is perhaps most obvious in tracings such as that 
given in Fig. 1, in which the intra-tracheal pressures are taken, as are 
the blood-pressures, by means of a mercury manometer. Typical 
examples of readings are given in Tables I and II. 
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TABLE I. 
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Cat 24. “Small.” Urethane, A.O.B. curare, Artificial respiration. P. P. <intra- 


pericardial pressure. B.-P.=:blood-pressure corresponding. Ratio= 
The heavy horizontal line is indicative of a short break in the 


P. P. B.-P. Ratio No, 
0 90 bali 24 
+56 85 -6 10 25 
ee. 95 +10 66 26 
-2 104 +9 9 27 
0 106 28 
+1 96 29 
0 08 80 
100 Vagi cut 81 
0 126 +26 32 
-1% 134 +8 10% 88 
189 465 10 34 
0 1892 85 
+2 94 16 37 
88 
0 118 
+1 108 -10 10 40 
0 117 +9 9 4 
—~1°26 130 +18 10°38 42 
0 118 -12 96 43 
+°75 -7 9°3 44 
0 118 +7 9°8 
8 
0 117 +7 7 
TABLE II. 
Cat 25. “Large.” Urethane, A.C.E. Vagi cut. 
Rise or fall 
P. P, B.-P. of B.-P. No. 
0 95 ~ 17 
-125 10 +10 4 18 
0 96 -9 72 19 
+2 85 5°5 20 
0 97 +12 6 21 
0 100 st 22 
108 +8 10°6 23 
0 100 -8 10°6 24 
+2 85 15 25 
0 1000S 75 26 
- 5 104 +4 8 27 
8 28 
-15 112 +4 4 29 
116 +4 8 80 
-26 119 +8 6 
0 104 -15 6 


Saree Seer]S® anwwe 


change of B.-P. 


change of P.P, 
experiment. 
Rise or fall 
PP. BAP of Ratio 
—125 128 +11 
0 117 -ll 88 
+1 110 -7 7 
0 117 +7 7 
-1 126 +9 9 
-2 136 +10 10 
0 114 — 22 ll 
0 110 _— 
+1 102 -8 8 
0 110 +8 8 
+1 102 -8 8 
0 110 +8 8 
+°75 104 -6 8 
"5 114 +10 8 
0 109 -5 10 
+1 100 -9 9 
0 107 +7 7 
-15 122 +15 10 
0 104 -18 12 
+2. 78 ~ 2% 13 
0 104 + 26 13 
Average Ratio. 
Artificial respiration. 
Rise or 
P. P. BP. of B.-P 
0 110 
+2 96 7 
0 110 +14 7 
-15 120 +10 6°6 
0 110 -10 66 
0 100 Abdomen open 
106 +6 8 
0 101 -65 66 
+2 90 -ll 55 
0 102 +12 6 
-1 107 +5 5 
0 101 -6 6 
+1 107 +6 6 
0 102 -5 5 
Average Ratio 770 
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Briefly the results are as follows. A rise of intra-pericardial pressure 
of 1 mm. Hg. gives a fall of blood-pressure, on the average, of 8 mm. Hg. 
Similarly a fall of intra-pericardial pressure of 1 mm. Hg. gives a rise 
of blood-pressure of 8mm. The striking changes of blood-pressure 
produced in this way by small alterations of the pressure exerted on the 
superficies of the heart are well illustrated by Fig. 2, where the changes 
were brought about during a period of apnwa. The figure allows of a 


Fig. 2. x4. Oat 19 (prepared as for cat 24). P.=pressures in the cardiometer taken with 
Marey tambour. H.=Hiirthle tracing of blood-pressure. T.=intra-tracheal pressure. 
The tracing shows the effect on B.-P. of smal] variations in cardiometer pressure 
during a period of apna ; and at the end of the tracing the changes in cardiometer 
and blood-pressures during artificial respiration. 


comparison of the changes induced in the blood-pressure by changing 
intra-pericardial pressure and changing intra-tracheal pressure. The 
change in blood-pressure consequent on a rise or fall of intra-pericardial 


pressure is almost immediate. The delay before the full effect is 
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obtained is as a rule 1 to 3 heart beats or 4 to 2 secs. In some 
instances on releasing a positive pressure from, or creating a negative 
pressure in, the cardiometer, there is a temporary reversal of the response, 
namely a slight fall of blood-pressure ; and similarly on releasing a 
negative pressure or on creating a positive pressure, there may be a 
slight preliminary rise. They are not constant phenomena, but help to 
account for the preliminary delays ; they may be assumed to be due to 
slight capacity changes in the heart as a whole. Apart from this 
capacity change, which is necessarily of short duration, the delay in 
obtaining the full effect on changing the pressure in the cardiometer 
system may be also accounted for by the time taken for the blood to 
travel, in its increased or decreased quantity, from the right to the left 
side of the heart. The factors cannot be separated, but it is probable 
that both contribute. When the full effect has developed, the curve of 
arterial pressure runs straight’, and rises or falls to the original level, 
when the pressure, be it negative or positive, is released. When high 
positive pressures are employed there may be an exaggerated rise on its 
release, the blood tending to accumulate in the large veins during the 
observation. As a rule, pressures sufficiently high to produce this 
have not been employed. 

Of six experiments of the kind, two are tabulated (Tables I and IJ), 
and suffice to show that changes of intra-pericardial pressure occurring 
naturally during respiration may be of considerable importance as 
factors in the production of changes of blood-pressure. That a rise of 
intra-pericardial pressure produces a fall of blood-pressure, is of course 
already known, but the experiments of Cohnheim® (p. 22) and 
Francois-Franck™ were of a different order. Large pressures were 
employed? and the time relations are not stated. The conclusion upon 
which emphasis is to be laid is the susceptibility of the heart, under the 
conditions of this method of investigation, to small changes of external 
pressure, well within the range of normal pericardial pressures. The 
further conclusion is warranted that, as one might expect, a change in 
intra~pericardial pressure tends to produce its effects to a far greater 

1 The maintenance of the arterial pressure has been tested for time intervals not 
exceeding 15 seconds, intervals of sufficient length for the purposes of the present 
investigation. It must be noted that the pressures in the pericardium have always been 
small. Within certain limits there appears to be no tendency towards a compensation of 
the altered blood-pressure. It is only when wider variations of pressure are employed that 
compensation sets in. Individual animals vary also in showing a tendency to this com- 


pensation. 
2 And here compensation of the blood-pressure was noted, cp. footnote above. 
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extent on. the diastole of the heart than upon the systole, within 
ordinary limits. 

It might be said that it is impossible to eliminate the influence of 
the pressures upon the entering veins. These veins have a very short 
intra-pericardial course. Moreover it is an established fact that these 
veins can be considerably reduced in size without affecting arterial 
pressure (cp. Cohnheim™, p. 167, and Bolton®). 

The point may also be tested in another way. If the pericardial 
cuff, which is cut to enclose the mouth of the cardiometer, is left longer, 
so that when a slight negative pressure is induced in the system it 
collapses lightly on the auricles, further variations of pressure induce 
precisely the same changes in arterial pressure as by the other method. 

The criticism that the experiments are performed under artificial 
respiration finds its answer in the experiments detailed under the second 
method of experiment. 

Second method. In the anzsthetised but non-curarised animal the 
left pleura is opened in the 4th or 5th interspace near the middle line. 
That space is chosen which shows the maximal pulsation. The effect 
on blood-pressure is noted, and artificial respiration is immediately 
employed. The pericardium is seized and fixed by two sutures, and 
gently drawn into the wound. It is opened between the stitches, care 
being taken to avoid the escape of its fluid contents. A brass tube with 
an internal diameter of 5 mm. to 1 cm. and bearing a small flange is 
introduced and tied into the sac, so that the end of it is flush with the 
inner surface of the membrane. As little of the pericardial wall as 
possible is used up in this procedure. A rubber tube is attached to the 
end of the brass tube, and the air withdrawn. A second rubber tube of 
small bore is introduced, as a rule, through the lowest interspace of the 
same side, and placed with its open end lying on the diaphragm. 
Both tubes are now fixed in position by sutures passed through the 
surrounding structures, and flaps of muscle and skin close the wounds, 
with the lungs held for an instant or two in the inspiratory position. 
The chest wall is in this way restored, rendered air tight with little 
difficulty, and usually no air remains behind. Any that may be present 
is removed through the lower rubber tube. Artificial respiration is now 
stopped and the animal allowed to resume natural breathing. As soon 
as this is fully established both vagi are cut. The pericardial tube is 
now connected to a recording tambour, and a tracing obtained of the 
changing pericardial pressure “in situ.” As might be expected, this 
shows a rise during expiration and a fall during inspiration, the pressure 
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being maintained at the lower level during suspended inspiration, and 
the tracing showing a wider amplitude (Fig. 3), 

By opening and shutting the T 
tube between the tambour and peri- 
cardium, variations in the pressure 
in that chamber are produced ac- 
cording to the particular phase of 
respiration, and to a less extent the 
phase of the cardiac cycle, occurring 
at the instant. A simultaneous 
tracing from the carotid gives the 
change in blood-pressure accom- 
panying it (Figs. 3 and 4). The 
experiment is similar to that de- 
scribed under the first method but 

| is under more natural conditions, 
: The variations of pressure induced 
3 by opening and closing the T tube 
are as a rule not wide enough. They 
are supplemented by forcing a small 
quantity of air into the system or 
removing a small quantity from it. 
It will be understood that the varia- 
tion in pressure in the pericardium 
is due to the introduction of air Fig-@ Gates) “Urethane; com.” Vagal 
into it, and that under most pres- 


sures a small amount of air remains _,,:ninal wall ; the line descends during 
in the sac. The whole of the air can _inspiration. B.-P.=blood-pressure. The 
be removed, but this necessitates the _ figure shows two changes of mean peri- 
bringing of the pericardial tube into 
direct apposition with the muscular _ pressures to respiration. . 

E walls of the heart, and has conse- 

| quently been avoided as far as possible. The results of the experiments 

; are included in the following tables. In these tables, as in those for 

artificial respiration, the actual blood-pressures and corresponding peri- 

j cardial pressures are given in columns. In the last column the ratio of 
change of blood-pressure to the change in pericardial pressures is 
given. The average of mean estimations for the observations upon the 
six animals is 93, a result in close agreement with those obtained under 


1 
artificial respiration. 


Fig. 4. x}. Oat 34, 


Urethane, a.c.., lettering as before. The tracing is taken at a 
slower speed and shows the effect of 27 variations in the intra-pericardial pressure. 
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reversed throughout. The respiratory tracing has been removed. 


TABLE III 


Cat 30. 2kilos, Urethane, A.C.E. Vagicut. Spontaneous breathing. 


P.P. 
+6 


B.-P. 


112 
150 
186 
140 
146 
156 
187 
114 


fall 
of B.-P. 


BES 


= 


Rise or fall 
PP of B.-P. 
+°75 88 -12 8. 
+75 
~"25 104 +8 8 
+1 90 -14 112 
104 +14 112 
+1 92 -13 9°6 
+76 +38 12 
+2 81 -14 112 
+75 92 +11 88 


18 
-14 7 
f 4 1°5 + 8 16 
+6 4 17 
2 
176 
4 715 184 + 20 8°8 21 
22 86-25 «(1002S +8 8 
15 100 +6 8 
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TABLE IV. 
Cat 32. 2kilos. Urethane, A.C.E. Vagi cut. Spontaneous breathing. 
Rise or fall Rise or fall 

No. P.P. B.-P. of B.-P. Ratio No. P.P. BP. of B.-P. Ratio 
1 0 164 20 -12 142 +8 10 
2 +12 ll -18 108 21 +2 182 -10 71 
3 +°75 155 +4 88 22 0 134 +2 10 
4 -12 166 +11 56 23 197 -7 9°83 
5 +6. 162 —14 82 24 0 136 +9 12 
6 +75 150 -2 x 25 -~75 142 +6 8 
7 +12 146 -4 88 26 186 
8 +42 108 88 12°6 27 0 127 9°2 
9 +15 140 +82 118 28 -~%5 189 +12 16 

10 75 160 +20 88 29 -5 142 

81 +75 190 -19 19% 

13 0 140 at 32 — 6 135 +15 12 

14 198 -19 «16 33 122 £4 

16 -4 140 +12 34 0 +5 125 

16 ~12 146 +6 15 85 +°75 116 -11 146 

17 +4 130 -~16 10 36 180 +14 

19 184 -6 

TABLE V. 
Cat 83. 38°25 kilos. Urethane, A.C.E. Vagi cut. Spontaneous breathing. 

1 +°25 116 — 17 0 104 +22 88 
4 -8 138 +18 6 20 -$ 105 .4 8 
7 0 120 -17 56 23 +8 100 -12 6 
8 +5 116 _4 8 24 95 106 +6 8 

10 +16 103 — 20 11°4 26 —~45 196 +6 4 

ll +6 110 +8 8 27 104 22 

12 -25 122 +12 4 28 0 106 +2 8 

14 -2 122 +10 5°7 80 - 25 106 +16 91 

15 —-25 106 91 81 +25 102 8 

16 5 86682 — 24 87 
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PP. B-P. Ratio 
-1 183 +7 7 
126 -7 9°3 
0 124 -2 8 
+°25 122 -3 8 
~6& 1298 +6 8 
194 -4 10°6 
+388 118 -6 12 
198 +10 102 
0 122 -6 10 
-~25 186 +14 56 
1223 -14 62 
-25 136 +14 62 
- 120 8 
118 -2 8 
+25 9 — 28 10°1 
0 112 +22 8°8 
+4 78 — 84 8°5 
0 118 +85 87 
-2 128 +15 75. 
-45 188 +10 4 
0 114 —24 53 
Average Ratio 76 
Spontaneous breathing. 
Rise or fall 
P.P. B.-P. of B.-P. Ratio 
+°25 184 — 
0 187 +8 12 
+37 183 -5 18°5 
0 188 +6 16°2 
+6 129 -9 18 
-"6 144 +15 15 
+25 132 —12 16 
+2 112 — 20 11°4 
0 134 
- 5 1389. +65 10 
+2 104 — 85 14 
+6 124 +20 13°38 
~2 146 +22 
+2 108 — 88 9°5 
-5 184 + 26 10°4 
Average Ratio 11-4 
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TABLE VL 
Cat 34. 8-25 kilos. Urethane, A.C.E. Spontaneous breathing. 
Rise or fall 
No. Pp. P. B.-P. of B.-P. Ratio No. 
2 +°25 144 +4 8 25 
3 0 46 +2 26 
4 +25 148 +2 8 27 
5 0 “6 -2 R 28 
6 19 29 
53 30 
8 0 +8 6 31 
8 32 
12 +6 9-4 35 
13 +6 18 +664 9°8 36 
14 425 76 87 
1 +1 «1880408 ©6115 39 
17 8 40 
18 0 146 +2 8 41 
19 -25 164 8 +8 3-2 42 
20 -45 160 +6 8 43 
21 0 140 20 4-4 44 
22 «(194 
23 0 1% +2 8 
TABLE VIL. 
Cat 35. 3°5 kilos. Urethane, A.C.E. Vagi cut. 
No, B.-P, Ratio No. 
1 162 19 
3 0 169 4+: 8-8 21 
0 162 +6 12 23 
1 0 164 6 12 25 
10°8 26 
9 0 10°8 
10 #168 86-18 8 
12 +1 164 -12 12 80 
14 +56 162 +39 83 
-2 19% # 198 
16 -5 172 22 
17 0 8 
18 +26 QQ 


— 
a 
v 
a 
4 
f 
{ 


‘RESPIRATION AND BLOOD-PRESSURE. 223 


TABLE VIII. 
Cat 36. 38°25 kilos. Urethane, A.C.E. Vagi out. Spontaneous breathing. 
1 +25 126 24 -45 142 
2 120 ~6 12 25 +5 64 8-2 
3 184 +14 9°3 26 0 100 
4 +6 120 -4 1% 27 6 
5 -1 184 +14 9-3 +6 il? 6 
6 +5 120 -14 9°3 
29 0 122 ma 
7 +25 194 +4 16 ‘4 
8 +5 121 -8 12 
81 +12 118 22 47 
9 +25 124 +3 12 
32 +2 90 Ms 
10 +6 122 -2 8 
83 0 118 + 28 14 
11 0 129 +7 14 
34 -45 188 +20 44 
12 +5 192 
85 0 112 ~ 26 5-7 
14 0 126 87 0 118 
15 -1 188 +12 12 38 +12 116 2 166 
16 0 126 -2 W@W 39 0 118 +2 166 
17 +5 118 -8 16 40 +15 98 -% 166 
18 0 123 +5 10 41 0 116 +23 «158 
19 194 +1 8°3 42 +8 16 
20 0 122 2 166 43 -2 182 +8 53 
21 -1 182 +10 44 0 118 7 
Average Ratio 11.0 
23 +6 116 | 8 


When relatively large positive pressures are employed, the ratio 
often tends to increase slightly, and when relatively large negative 
pressures are used, the ratio frequently tends to decrease. This is what 
might be expected, for in the one case the free entry of blood by the 
veins may be interfered with, and in the other the systole of the heart 
may be seriously impeded [For there must be a limit to the effects 
tending in the reverse direction. 

When the negative pressures reach — 2 to —- 4 mm. Hg., decrease in 
the ratio is often marked ; it is at these points that the pericardium is 
becoming empty of air, and the cannula is in contact with the heart 
wall’, The estimation of the ratio is consequently limited to certain 

1 The tables would have given more accurate average ratios had the corresponding 
figures been omitted ; nevertheless it has been thought advisable to include them. When 
there is no longer any air in the pericardium, the heart is hindered by its contact with the 
cannula. Consequently the normal intra-pericardial pressures cannot be tested free from 


this fallacy, but they can be approached very closely. We have very little information, 
derived from direct measurements, of the actual pressures in the pericardium during quiet 
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pericardial pressures when natural breathing is occurring. The same 
tendency to a rapid decrease in the ratio is not noted to anything like 
the same extent when artificial respiration is employed and the heart is 
enclosed in a rigid cardiometer (first method). The delay in the rise or 
fall of blood-pressure consequent upon alteration uf the pressure on its 
surface is more marked when the pericardium is utilised as the cardio- 
meter, and the delay is greater as the size of the animal used increases. 
This may be attributed to the close apposition of heart wall and pericar- 
dium and the distance of the auricles from the superficial opening in 
the pericardial sac. In the largest cats this delay may be so great as 
to render the results unreliable, and in dogs the results show such wide 
variation that no definite conclusions can be drawn’. For cats on the 
other hand the results obtained are so constant that their reliability is 


beyond question, and the constancy is in great measure due to the 


relatively short delay in the effect produced. 

The results of these experiments on cats with the pericardium 
opened and used as a cardiometer, so that the ratio is tested while 
natural respiration is in progress, are thus entirely confirmatory of those 
previously obtained in the experiments on animals under artificial 
respiration. There is every indication that the change in pericardial 
pressure produced by respiration has a profound influence on the 
corresponding curve of blood-pressure’. 

Third method. The pericardium is prepared in precisely the same 
way as in the second method, the air is withdrawn from the pericardium, 
and a tracing with the drum travelling at a faster rate is taken and the 
relations of the curve of blood-pressure to the respiratory movements 
observed. The observations are made with the vagi cut; the breathing 
is consequently imfrequent and deep, and inspiration is markedly 
prolonged. With the pericardium closed a well marked inspiratory rise 


or vagal breathing. The figures given by Adamsiewioz and Jacobson") are entirely 
insufficient. It is usually assumed that the pressures are the same as the intra-pleural ; 
but the observations of the writers just quoted points to their being higher, and to their 
showing smaller variations. 

} Three experiments have been performed on dogs. In two cases the results obtained 
were so irregular that their reliability is certainly questionable. In a third animal, in which 
the figures were more even, the ratio was 3:2, but this single observation is offered 
tentatively. 

* It might have been expected that the ratio would vary with the size of the animal. 
There is a tendency in this direction, but it is not sufficiently marked, and there are too 
many exceptions to allow of any definite conclusion. The only successful experiment upon 
mitiet not be forgotton thes the weight of the animal gives 

but a very rough approximation of the thickness of the heart walls. 
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of blood-pressure is present. The result of ing the pericardial 
tube is now tested. Marked alteration in shin sia of the curve at 
once results, an alteration which can be obtained repeatedly and 
uniformly by opening and closing the pericardial tube. The alteration 
consists in an abolition of or great decrease in the rise of blood-pressure, 
which accompanies suspended inspiration, upon bringing the pericardium 
under the influence of atmospheric pressure. A tracing showing the 
“full” effect, namely complete loss of the velocity curve (inspiratory rise 
of B.-P.), has already been published in the Proc. Physiol. Soc. March 1, 
1908. A similar curve is shown in Fig. 5. Corresponding points are 


Fig. 5. x}. Oat 28. Urethane, i.c.2., 2-25 kilos. Shows the full result, namely abolition 
of the velocity curve with the pericardium open, and the return of the curve on closing 
the sac. The upper line was taken from the abdominal wall. Inspiration records 
downwards, 


marked in right and left halves of the tracing. On the left there is 
no velocity curve; the pericardium was open. On the right the 
velocity curve is well shown; the pericardium was shut. The slight 
rise of general blood-pressure is accounted for by the closure of the 
pericardium during expiration, for it is obvious that the mean pressure 
in the pericardium when closed, supposing the depth of respiration 
to remain constant, will depend on the amount of air left in that — 
sac at the moment of closure. In Fig. 6 the result of a similar 
experiment is shown, but in this case the effect is only partial. There 
are four respiratory curves of blood-pressure. The first represents the 
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change in B.-P. with the pericardium closed, and the velocity curve 


is well shown, In the next two curves the pericardium was open and 
the curves are far less marked. In the fourth curve the pericardium was 
not only closed, but the air remaining in it was gently aspirated. Here 
the velocity curve constitutes practically the whole rise, and fails to 


- ghow the division of the rise into two which is so conspicuous in the 


middle carves, 


Fig. 6. x. Cat 24a, Urethane, i.c.z., “large.” The same experiment as in Fig. 5. 
But the pericardium was-at first closed; at the Ist arrow it was opened ; at the 2nd 
arrow it was aspirated and closed. Inspiration records downwards. 


The complete results are embodied in the accompanying table 
(Table IX). When total abolition of the velocity curve resulted on 
opening the pericardial cannula the effect is stated as “full” (as in 
Fig. 5). When the curve was affected but not completely suppressed 
the result is referred to as “ very definite,” “definite” (as in Fig. 6), or 
“ slight.” 

It will be seen that in the five cats, of weights 2 to 2°25 kilos, (cats 
21, 26, 28, 30 and 32), in which the 5 mm. cannula was used, a full 
effect was recorded. And that in two later experiments (cats 33 and 
36, of 3°25 kilos.), in which a cannula of 1 c.m. diameter was employed, 
the same phenomenon was observed. In the earlier experiments in 
which with the smaller animals full and with the larger animals partial 
effects were obtained, the failure to obtain the full effect in the latter 
might, it was thought, be attributed to the relatively small size of the 
pericardial opening, This view was to some extent substantiated by 
the occurrence of the full fall in a 3°25 kilos. cat, on the first occasion 


on which the larger cannula was employed (cat 33). Three further 
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experiments proved that this was not the case, for in only one of the 
three was the full effect obtainable (cat 36), though the large cannula 


TABLE IX. 
Weight Pffect Remarks 
Cat 21 About 2 kilos. Full oom pee 
Cat 22 Large” Very definite 
Cat 24a ** Large” Definite 
Cat 26 2 kilos. Full 
Cat 27 8°25 kilos. Definite — ate 
Cat 28 2°25 kilos. Fall ~ rat 
Cat 30 2 kilos. Fall With abdomen open and shut 8-4 
Cat 82 2 kilos. Fall §  Fulleffectabolished byallowing 10-3 
air to enter pleura 

Cat 33 8°25 kilos. Fall Large cannula used 72 
Cat 84 3°25 kilos. Very definite Large cannula used 76 
Cat 35 8°5 kilos. Slight effect Large cannula used 114 
Cat 36 8°25 kilos. Full Large cannula used, full effect 11 

abolished by allowing air to 

enter pleura 


_ Briefly, the following position has to be considered. In seven cats, 
of from 2 to 3°25 kilos. the velocity curve was abolished completely on 
allowing free access of the atmospheric air to the superficies of the 
heart. There can consequently be no doubt that in these animals the 
velocity curve originally present was dependent on diminution in 

icardial pressure as a result of the inspiration. In the remaining 
six animals only partial results followed. In one of the six (cat 31) 
it was subsequently found that the auricular appendix lay in the 
mouth of the cannula and partially obstructed it. In another experi- 
ment (cat 22) it was found that the complete result was obtained 
by tilting the cannula slightly so as to bring its axis more into line 
with that of the heart. But in the remainder no alteration of the 
curves could be obtained by this procedure. From the positive results, 
in the case of the 7 cats, a definite conclusion can be drawn, namely 
that the inspiratory rise of blood-pressure was due to increased diastolic 
filling and was in no way dependent on lessened resistance in the lungs. 
And the question arises as to whether the partial results given by the 
cats (24a, 27, 34 and 35) allow us to conclude that in these instances 
the resistance in the lungs underwent appreciable alteration during 
the vagal breathing. In other words, is it to be concluded that while 
in some animals the velocity curve is entirely dependent on increased 
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diastolic filling of the heart, yet in others, though this factor plays a 
definite or large part, it is not the sole factor? Or, on the other hand, 
is there any possibility that the experiments on those animals in which 
the incomplete effect was obtained are inconclusive ? 

The cats which failed to yield the full results were without excep- 
tion large animals. It may be reastitably assumed that the greatest 
effect of decreased intra-pericardial pressure falls on the auricles, for 
their walls are thin as compared to those of the ventricles, The 
pericardium is a deep sac and the auricles lie far back and away from 
the mouth of the cannula. The pericardium is in close juxtaposition 
to the heart, and it is possible, under certain conditions, that a change of 
pressure is induced by inspiration in those portions of the sac which are 
deeply seated, even when the pericardium is open. It is in these 
portions of the pericardium that the auricles lie, and it may be that in 
those animals in which the recesses are deep, the opening of the cannula 
is insufficient to bring the whole contents of the cavity under atmo- 
spheric pressure. That the auricles feel the diminishing or diminished 
pressure to some extent is almost certain; the question of import is as 
to how much they feel, and if they are sufficiently affected to produce 
that portion of the velocity curve which remains on opening the cannula. 
The evidence which we have considered (first and second method) goes 
to show the delicacy of the response. Moreover it fails to show in a 
definite manner that the response is less delicate in the larger cats. 
Thus in cats 834 and 35, in which it was tested, the ratio was 7°6 and 
114 respectively ; yet the complete abolition of the velocity curve was 
not obtained. Moreover the delay in the response in the larger cats is 
always greater. Thus the negative result, i.e. incomplete abolition of the 
velocity curve, is in itself inconclusive evidence of an interference of 
resistance changes in the lung vessels during inspiration. Though the 
fact that the incomplete effect is obtained in the larger animals alone 
is suggestive, in that here it is more difficult to bring the auricles under 
the influence of atmospheric pressure, yet there is further evidence that 
the resistance in the lung vessels cannot be entirely neglected. 

In one experiment, artificial was substituted for natural breathing, 
and curare was injected. Each expiration (collapse of the lung) was 
now accompanied by the usual fall of blood-pressure. And, as is the 
rule in this mode of ventilation’, on suspending the respiration in 
the expiratory position the blood-pressure rose. The experiment was 


* The question of the relationship of blood-pressure to artificial respiration will be 
referred to in Part II of this communication. ' 
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performed: with the pericardium open and shut, and it was found that 
when the pericardium was open the pressure still rose on suspending 
expiration, though the curve obtained was of less extent than with the 
pericardium closed. This result is comparable to a “definite” effect 
with natural breathing; yet it was obtained on an animal in which with 
natural breathing the “full” effect was secured. The same result may 
be obtained in a different way. If in an experiment under spontaneous 
breathing in which the full effect is obtained, air is allowed to pass 
slowly into the pleura on one side, as the pressure in the thorax rises, 
the full effect is abolished and is replaced first by a very definite effect 
and subsequently by a definite effect (cats 32 and 36). The two 
experiments are parallel, for there is a primary diminution in the 
vascular content of the lungs in each. 

So far as we have gone, it has been possible to conclude shat in 
certain animals, alterations of resistance consequent upon dilatation of 
the lung vessels in suspended inspiration are without effect on systemic 
pressure. In view of the doubtful results obtained on the larger cats, 
it remains to briefly discuss the evidence which may be brought for or 
against this factor generally, as an influence in the production of the 
respiratory curves of blood-pressure. 

The work of de Jager® and Heger and Spehl® has fully 
established the fact that in natural inspiration the vascular content of 
the lung is increased. An increase in capacity entails an increase in 
the gross sectional area of that portion of the vascular lung content in 
which the former takes place, and there is every reason to believe 
that the ehange of capacity falls chiefly upon the capillary area. In a 
tube of uniform calibre the resistance to flow will depend on the 
diameter of the tube, being in inverse proportion to it, and it might 
consequently be assumed that an increase in the gross sectional area of 
the lung capillaries would so far diminish the resistance as to largely 
affect the velocity of the outflowing stream. This assumption cannot 
be made without qualification. The pulmonary circuit is a closed 
system of vessels in which the gross sectional area increases as it is 
traced from right heart to capillaries, and at the branching of arterioles 
into capillaries, the increase in the area is very great, When a 
diminution in the diameter of a tube of varying cross section takes place 
at a small part of its length, no estimation of the consequent alteration 
of resistance can be made unless the resistances in the remaining 
portions of the tube are also taken into account, Until we have 
further and more ample data we cannot consequently assume, @ priors, 
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that an alteration in the gross sectional area of the capillaries of the 
lungs will appreciably affect the velocity of blood through the pulmonary 
circuit, for any alteration of resistance so brought about may be small 
as compared to the primary resistance in the arterioles. Further the 
presumptive evidence for the dilatation of the thicker walled arterioles 
in inspiration is not so strong. The same arguments apply to any 
dilatation which may take place in the veins. If, as in the last 
experiments of this investigation which are quoted on p. 229, there 
is a primary diminution in the gross sectional area of the capillaries, 
the resistance in them will increase, and as it increases, so further 
alterations in the area may constitute more important factors in ‘the 
production of alterations of velocity. 

On what experimental evidence does the view that the velocity curve 
is the result of diminished resistance rest? It might be argued that 
the lowered pressure in the right ventricle, during inspiration, in itself 
demonstrates it’. But this argument is met by the reply that the 
diastolic filling of the left heart is aided by the lowered intra-thoracic 
pressure, and that some part of the vis a fronte in the pulmonary veins 
is withdrawn during this respiratory phase. Again it is impossible to 
overlook the results of de Jager™, obtained by artificial perfusion, 
that in the inspiratory pauses with the heart at rest the outflow was 
increased. In some of the curves which he gives this increase is. not 
well demonstrated. Again the pressures which he employed for the 
perfusion were on the whole large (40 to 68 mm. Hg.), and compare 
rather to the maximum pressures, and these systolic, which have been 
found for the right ventricle*. Moreover de Jager himself admits that 
in several of his experiments there was clotting in his perfusion fluid. 
The well recognised difficulty of obtaining coagulum free blood by 
whipping it, and the difficulty or rather impossibility of rendering the 
lungs bloodless by the preliminary washing, must be remembered when 
de Jager’s experiments are examined. Thus two fallacies are involved 
in these perfusion experiments, an increased pressure in the pulmonary 
stream, which will dilate the arterioles, and a preliminary narrowing of 
the vascular paths, each of which would tend to produce, and might 

' The previously accepted view that inspiration yields a lowered pressure in the right 


heart has been called in question by the recent observations of Pl umier (Archiv. internat. 
de Physiol. 1. p. 176. 1904). 

* And there is reason to believe that even these are far too high. At all events there is 
@ general concordance of results so far as the pressures in the artery are 
concerned, and these are far lower. Collected figures are given by Tigerstedt™, cachet 
mean pressure is probably not greater than 16—29 mm. Hg. in cats-and dogs. 
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account for the results obtained. In view of an @xperiment (small cats) 
in which there is every reason to believe an expansion of the smaller 
lung vessels occurs without affecting petmanently the height of 
systemic blood-pressure, we come to the final. conclusion that before it 
can be reasonably assumed that, under normal conditions, alteration in 
_ the capacity of the lung vessels appreciably influences the flow of blood 
through the lesser circuit during suspended inspiration, further 
experimental evidence is required in support of two propositions. First, 
that the change in capacity in normal breathing so alters the resistance, 
that there is an appreciable effect on the velocity of outflow. And 
secondly, that the fall in the resistance, so brought about, is of such 
extent as to increase the output of the right heart. For the time 
being it may be concluded that the evidence which we possess points to 
the lowered pericardial pressure as being the more important factor and 
in many instances the sole factor’. | | 


In conclusion, gratitude must be expressed to Professor Starling 
for the many valuable suggestions offered in connection with this work. 


CHIEF CONCLUSIONS. 


1. The heart is peculiarly susceptible to the changes of pressure 
external to it. In cats a rise of intra-pericardial pressure of 1 mm. Hg. 
lowers systemic pressure on an average by 8—9 mm. Hg. Conversely 
a fall of pericardial pressure of 1 mm. Hg. raises systemic pressure by 
8—9 mm. Hg. This ratio is restricted to certain pressure limits. 

2. In small cats the rise of blood-pressure accompanying suspended 
or prolonged inspiration is entirely due to the change of intra-pericardial 
pressure ; it is in no measure the result of decreased resistance to the 
flow through the lung vessels. 


8. In larger cats the same conclusion is not at present warranted, 
as the facts upon which the conclusion should rest cannot be invariably 
demonstrated. Nevertheless it is certain that increased diastolic filling 
of the heart plays a large part in causing the inspiratory rise of blood- 
pressure in these animals. 

1 In one experiment (cat 80), in which the full result was obtained, there was no 


has no 
alteration in this effect on freely opening the abdomen. As the experiment 
apparent bearing on the subject under discussion, the writer is content in recording the 


_ fact without comment. 
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4. It has never been conclusively demonstrated that changes in 
the diameter of the lung vessels, resulting from alteration of intra- 
pleural pressures, in natural or vagal breathing, has any appreciable 
influence as a factor in the production of the inspiratory rise of blood- 
pressure. 
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STUDIES OF THE RELATIONSHIP BETWEEN RESPI- 
RATION AND BLOOD-PRESSURE. Part II. Facts 
bearing on the relationship of different factors in the pro- 


duction of respiratory curves of blood-pressure’. By 
THOMAS LEWIS. 


(From the Physiological Laboratory, University College, London.) 


THE primary object of this communication is to draw attention to the 
widespread misunderstanding of the relationships which exist between 
respiration and blood-pressure. One might almost say that the 
relationships, as stated by Einbrodt™ in 1860, have acquired the 
character of dogma. It would not be difficult, though it is undesirable, 
to quote statements from current text-books which would fully endorse 
this conclusion’. It must at all events be admitted that definite 
relationships are commonly stated and taught, and that such relation- 
ships are used as a basis of physiological argument. The danger of the 
position may best be emphasised by a few concise examples. Einbrodt 
stated that inspiration gives in the main a rise of blood-pressure, and 
that expiration is in the main accompanied by a fall of blood-pressure. 
Klemensiewicz™ is generally credited with bringing the relationships 
in man into line with those observed in the lower animals, and with 
having demonstrated that the same changes occur. The results of the 
present observations may be advantageously anticipated, and are given 
in Table I, which includes the results of the more notable observa- 
tions previously recorded in man’. 

It will be seen that on the whole the weight of evidence is in 
opposition to Klemensiewicz’s results. The discordance of opinion 


2 The expenses of this work have been partially defrayed by a grant from the Royal 


2 ‘Tlie sccount given by Foster in his well-known text-book is almost alone in 
submitting a broader view of the subject. 

* In the table the effect of a respiratory phase on B.-P. is represented by the signs 
+ Or -. 
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is in many instances difficult to explain, but the following pages will 
demonstrate, it is hoped, the possible intervention of certain factors 
which are capable, at least in part, of explaining the disagreement. 


TABLE I. 
Date Author Insp. Exp. 
1865 Vierordt™ ... = 
1865 Wolf™ ... 
1872 Landois™ ... 
1877 Klemensiewiez + These arethe most frequent types given, 
mae ar but the results are very varying, and 
| polyphasic results are shown. 
1877. Sommerbrodt 
1878 «Knoll - + Also type given in Fig. 10 of this paper 
+ - is figured. 
-+ +- 
1879 Schreiber™ + ~_} As figured 
1881 Marey - + Thoracic breathing. 
+ - Abdominal breathing. 
1881 Schweinburg™ - + Also numerous polyphasic curves of ex- 
+ - traordinary diversity. 
1888 Legros & Griffé - 
1889 Wertheimer&Meyer™ —- + 
1902 Mackenzie) - As figared. 
+ - Also polyphasic curves. 
Results of p investig - + Thoracic breathing. 
+ — Abdominal breathing. 
-+ +- Thoracic breathing, with insp. and exp. 
pauses. 
+- -+ Abdominal breathing, with insp. and 
exp. pauses. 


It will also be convenient to insert at this point a table (Table II) of 


the results which have been obtained in animals; a table which shows 


similar discordances. 

Again, it is universally held that the relationships of blood-pressure 
to respiration in natural and artificial breathing are directly opposed. 
Interpreted in the light of Einbrodt’s statements, it is usual to assume 
that with artificial inspiration there is in the main a fall of blood- 
pressure, and with expiration a rise. Nothing is further from the fact. 
So far as the writer is aware, curves showing such relationships have 
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never been published, and the converse is a fact which has been 
repeatedly demonstrated (Kowalewsky™). Abundant curves might 
be published from dog, cat and rabbit in proof of this statement, but it 
is unnecessary (a small portion is seen at the end of Fig. 11); the 
experiment is constantly performed in all parts of the kingdom, and 
there is no reason to believe that it gives, with the modern apparatus, 
anything but the demonstrated results. 


TABLE II. 
Date Author Insp. Exp. Animal employed, and remarks. 
1860 Einbrodt ... See + ~ Dog, polyphasic curve also. 
1881 de Jager Dog, further types also. 
-+ += 
“+ +- 
+ 
1882 Fredericq( = Dog, polyphasic curve also 
1882 Moreau & Lecrenier - Rabbit. 
1883 Legros & Griffé™... Calf, horse, sheep, goat, rabbit, guinea-pig, 
cat. 
+ Pig, goose. 
-+ Turkey. 
1886 de Jager - Moderate length resp. 


Prolonged without phasic curve. 
Occasionally met with during early stages 
of experiment. 


Again, it is stated by Hill” that the respiratory curves of cerebral 
pressure are the reverse of the arterial curves, A close examination of 
the writings on this subject reveals the total insufficiency of evidence 
for this view, and leads one to suspect that here the same fallacy has 
crept in, Simultaneous curves of cerebral and arterial pressure are 
rarely to be found?, and it appears to have been tacitly assumed that as 
inspiration usually yields a fall of cerebral pressure, the curve is the 


1 There is a single curve of Mosso’s™) which shows discordant curves of carotid and 
superior longitudinal sinus pressures. Salathé’s curves are concordant. 


-+ +— Longer 
Resultsofpresentobservations + Moderate depth and fast 4p cats, also type 
-+ +- With long peuses shown in Fig. 11. 
-+ Long without pauses 
- + §§ Moderate depth and fast \ 14 dogs, also type § 
~+ With long pauses of Fig. 11 & poly- 
+ - 
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reverse of the arterial. As rebutting evidence the accompanying tracings 
(Fig. 1, .A and B) are given. They were taken from the trephine hole 
of a patient operated upon 12 years previously for subdural hemorrhage, 
and now completely recovered. A small capsale of brass specially 
constructed to fit the scalp and having a distensible pneumatic tube 


Fig. 1, 4 and B.x}4. Two tracings with a polygraph ; the upper curves, C, in each are 
from the trephine hole; the lower curves, P, from the radial pulse. Human. 


A, diaphragmatic, B, intercostal breathing. 


Fig. 1, ©. Simultaneous tracings from chest wall and trephine hole, BE k rise of 
cerebral pressure during suspended inspiration of the thoracic type. Human. 


attached around its margin was employed. It was fastened to the 
scalp by an elastic bandage wound around the crown of the head at a 
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pressure sufficient to obliterate the arteries of the scalp. The tracings 
were taken with a Mackenzie polygraph, and are selected from a large 
collection of similar curves all of which show synchronous changes of 
arterial and cerebral pressures, with thoracic and abdominal breathing. 
That the cerebral pressure changes consequent upon respiration are not 
necessarily of venous origin is evidenced by the tracing shown in Fig. 
1, C, in which a rise of cerebral pressure ocours as a result of a suspended 
thoracic inspiration. (The curve also shows the preliniinary fall of 
préssure accompanying the actual inspiration.) The whole subject 
requires complete re-investigation. 
. ‘One farther example must suffice. No greater error ia oceurred 
than the application of the stated relationships to clinical medicine. It 
has brought forth the Kussmaul pulse, or pulsus paradogus, onee held 
to be pathognomonie of a morbid condition, and still, despite Riege!™ 
and Sommerbrod t’s™ warnings, widely credited to-day as of pathological 
significance. Kussmaul's pulse is a pulse which diminishes in tension 
during deep inspiration, and is the normal event in the vast majority of 
subjects, healthy or diseased. The conditions under which the pheno- 
menon shonld be observed have undoubtedly been amplified by later 
writers (Harris), but there is no question that as a physical sign it 
is almost worthless, and that the impression of its oe as 
implied in the term paradoxical is entirely erroneous’. 

It’ must be recognised at the outset that inspiration and suspended 
inspiration are separate acts, and that their influences upon_blood- 
pressure are opposed ; a statement which will receive further attention 


in the succeeding paragraph. 


1 It. is deemed unnecessary to give tracings and full evidence for the fall of blood- 
pressure which occurs in patients who are instructed to take a breath under ordinary condi- 
tions. The table already given illustrates the fact sufficiently (compare also tracing Fig. 4, B). 
It has bean amply shown during the course of these investigations, by means of a Riva-Rocci 

ter, a method fully described in a previous communciation. It may how- 
ever be well to note thst the response of a patient, to the request to take a breath, produces 
in men and women in the great majority of-fhstances a deep thoracic inspiration. The 
generally accepted view that men breathe with the abdomen and women with the thorax 
does not affect the question. We are dealing with a voluntary act, and in most cases it is 
probable that few purely voluntary inspirations have ever been taken by the subjects under 
investigation. Nevertheless the response is almost invariably of this character. It may of 
course be replied that the pulsus paradozus is a term nowadays applied to a pulse which 
vanishes in inspiration. Such a phenomenon was noted by Miiller™ and Sommer- 
brodt®, and several tracings of it have been recently published by Deane’, all in the 
normal subject. In: any case it can only be regarded as an exaggeration of « normal évent, 


‘ 
nad 
‘a 
q 
‘ 
+ 
4 
‘ 
a 
4 
2 
» 
A 
. 
> 
af 
+ 
. Wai 


1. THe INFLUENCE OF CERTAIN THORACIC FACTORS. 


_ There are three chief. possible effects of lowered thoracic pressure 
upon blood-pressure, namely, capacity changes in the lungs, decreased 
lung fesistance and increased diastolic filling of the heart. The first 
factor operates in opposition to the other two. Now a capacity effect 
depends essentially on a change of intra-thoracic pressure, whereas the 
effect of altered resistance in the lungs and that of altered filling of the 
heart are independent of the changing pressures and depend upon the 
actual pressure ultimately reached. The more rapid the fall of pressure 
in the chest, the greater will be the change for a given time-interval in the 
capacity, or potential capacity, of the lung vessels, and the greater will 
be the effect on blood-pressure. Assuming that the stretching of the 
lung vessels takes place by equal increments, for equal increments of 
lowered thoracic pressure, the capacity change will be independent of 
the actual chest pressure. On the other hand the factors tending to 
increase the blood-pressure during inspiration are constant for a 
particular pressure, and their influence will increase by a progression 
as the pressure falls. Thus it happens that if the fall of intra-pleural 
pressure is by equal increments in equal time-intervals, capacity changes 
in the lung vessels, which lower blood-pressure, will tend to exert their 
influence evenly throughout, while the heart filling influences, and 
possibly resistance changes, will tend to promote a rise of arterial 
pressure for the most part in the later stages of inspiration. It is also 
obvious that with very slow respiration, capacity changes will be small 
and insignificant in their effects, and that the total result may be a rise 
of blood-pressure, Such a criterion is intermediate between the ordinary 
act of inspiration and a suspended inspiration. Now although it is 
frequently stated that in rapid and slow respiration the blood-pressure 
curves may be reversed, yet the foregoing argument is insufficiently 
appreciated, and the curves given to demonstrate the difference merely 
illustrate the fact that inspiration and suspended inspiration give 
reversed effects (de Jager and Kowalewsky). A natural inspiration 
sufficiently slow and regular to produce a rise of blood-pressure is 
rarely met with in experimentation, and one is forced to the expedient 
of employing artificial respiration. Here inspiration produces a rise of 
blood-pressure under ordinary conditions, but if the pressures in the 


trachea increase at a sufficiently gradual rate, the curve of blood-pressure 
shows a fall (Fig. 2). 
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The fall depends on the swamping of the effects of the capacity 
changes by the effects of other factors, notably diminished diastolic 
filling of the heart. (It is conceivable that the factors have a variable 
influence from one species of animal to another.) The same may be 


Fig. 2. x}. Fromacat under artificial respiration. T.=tracheal pressures. H.= Hiirthle 
tracing of blood-pressure. I. =insp. E.=exp. E.S,=suspended expiration. The 
figures to the right are in mm. Hg. 


Fig. 8. x§. Simultaneous curves of radial pulse and movements of chest wall. Each 
respiratory phase is of 8 secs. duration. 


shown in man (Fig. 3). The tracing shows the blood-pressure rising 
during the last phase of prolonged inspiration, and falling during the 
last phase of prolonged expiration. The breathing was of the thoracic 
type and each phase lasted 8 secs. The subject of experiment controlled 
the length of the respiratory phases by attending to the beating of a 
metronome, When each phase lasted 4 secs. only, the change from rise 
to fall or fall to rise was not noted (Fig. 4, B). 
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9 THE INFLUENCE OF INTRA-ABDOMINAL PRESSURE 
ON RESPIRATORY CURVES. 


During the earlier years of the discussion of the relationships 
between respiration and blood-pressure, sphygmography played a 
considerable part. The results of investigations are summarised in the 
tables already given. 

Marey™ attempted to explain some of the differences of opinion a as 
to the relationships in animals and man, by the influence of different 
types of breathing. The observation of this writer that purely 
abdominal and purely thoracic breathing in man produce reverse results 
has never obtained the attention it deserves, and most later writers 
have been content with a more or less superficial examination of the 
question in animals, Schweinburg™ was of opinion that the inspira- 
tory rise of blood-pressure in dogs is due to a rise in the abdominal 
pressure during inspiration. He found that it was abolished by opening 
the abdomen. His results failed to receive confirmation at the hands 
of de Jager, who concluded that abdominal pressures play little or no 
part in the results, 

The neglected observation of Marey was re-discovered during the 
course of the present observations, namely that with abdominal breathing 
there is a rise of pressure during inspiration, while with thoracic 
breathing there is a fall. It has been suggested by Hill, Barnard and 
Sequeira® that curves which show a fall during inspiration are 
artifacts, that the arterial pressure actually rises and that the fall is 
brought about by the emptying of the venae comites as a result 
of lowered intra-thoracic pressure. By the use of a suspended 
sphygmograph in combination with a Riva-Rocci sphygmomanometer it 
can be shown beyond cavil that the rise or fall in the curves is a true 
expression of arterial pressure changes’. There is no difficulty in 
demonstrating upon a person trained to breathe with abdomen or chest 
only, that curves in which there is a rise during the inspiratory act, are 
in many cases due to abdominal oe Typical curves are given 
in the accompanying set of tracings, Fig. 4,A—D. The two top curves 
show the respiratory changes of blood-pressure in abdominal and thoracic 
breathing ; the two lower curves show the points at which during 
similar experiments the pulse beats force their way through blocks on 
the brachial artery which are imposed at or about mean systolic blood- 
pressure, 

* The method has been fully described in a preceding communication (*), 
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In view of this definite fact, that in man the respiratory changes of 
blood-pressure may be reversed by the type of breathing which 
predominates, it was thought desirable to re-investigate the question of 
abdominal pressure in animals, And this the more, as previous results 
are conflicting, 


; 


Fig. 4, 4A—D. x}. Simultaneous tracing from chest or abdominal wall and radial pulse. 
From a subject whose mean systolic blood-pressure was 180 mm. Hg. In the lower 
two tracings, C and D, the pulse beats are obliterated in places where the systolic 
pressure is low; this was produced by placing a constant pressure of 132 mm. Hg. 
on the upper arm. 

In A and C respiration was diaphragmatic. In B and D it was intercostal. 


(a) Method. Cats have been employed for the most part, and 
have been anszsthetised with urethane in doses of from 1 to 1°25 grms. 
per kilo. of body weight. In addition a.c.£. has been used in quantities 
sufficient to render the animals completely unconscious during the 
whole of the experiments. Urethane tends, as does morphia, to a 
slowing of the pulse, but as a rule this effect wears off during the 
course of the experiment, In estimating the intra-pleural pressures, 
a curved metal cannula with blunt pointed end and two perforations at 
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its extremity has been employed. This cannula has been connected by 
small pressure tubing to a water manometer, from which the pressures 
have been recorded by a piston recorder or Marey tambour, according 
to the excursion. As a rule the pressure in the recording apparatus 
has been lowered to the expected amount before the chest wall has 
been perforated with the metal cannula 

For the abdominal pressures a large rubber balloon, 3 cms, in 
diameter and 5 to 7cms. in length, has been tied over the end of a 
glass tube with somewhat belled mouth. This tube in its turn has 
been connected to a water or Hg. manometer from which records have 
been taken. The balloon has been introduced, undistended, into the 
upper part of the abdomen through a small median incision, and has 
then been distended so as to give a fair excursion, This necessitates 
no tension in the walls of the balloon ; a stretching which should be 
rigorously avoided. Finally the wound in the abdomen has been care- 
fully closed. 

In this way continuous and simultaneous records of intra-pleural 
and intra-abdominal pressures are obtainable, from which the actual 
pressures can be subsequently estimated. 

The average pressure in the abdomen of 10 anmsthetised cats, lying 
on the back with the limbs gently fixed, was 2mm. Hg. The variation 
in quiet breathing was on an average 6 mm. Hg. The intra-pleural 


pressures showed a considerably larger variation from animal to animal 


and it is far more difficult to make an accurate statement in regard to 
them. During quiet breathing the mean pressure was about —1 to 
—2 mm., with variations of } to 2 mm. As the breathing deepens 
during the experiment, the mean intra-pleural pressure may fall to 
— 4 or —6 mm..Hg., with variations of 4 to 8 or even 12 mm. Hg., the 
latter with obstructed breathing. With the deepening of respiration, 
the abdominal pressures show far less change. 

(b) The effect of phrenic section, During the occurrence of normal 
breathing the intra-abdominal and intra-pleural curves are discordant 
(Paul Bert” and de Jager), ep. Fig. 5, A. After phrenic section they 
become concordant (Fig. 5, B). 

In two. experiments on cats. and in rue dogs, in which this change 
was brought about by phrenic section, the relations of the respiratory 


curves of blood-pressure were entirely unaffected. The tracings given 


in: Mig. 5 illustrate this, and show that when intra-pleural pressures are 
varying from 0 to —3 mm. Hg. a change in the variation of abdominal 
pressure from + °5 (3 to 3°5 mm. Hg.) to — 1°5 (4 to 25 mm. Hg.), a total 
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Fig. 6, 4 and B. x4. Gimaltancous eurves from 0 eat, A belore, B subsequent to section 
_ of both phrenic nerves. A.=intra-abdominal pressures, P,=intra-pleural pressures. 
_ -.B,-P. =blood-pressure, All curves are upright and the readings are in mm. Hg. The 
- eurve A in the first tracing and both time tracings have been moved, the first to com- 
-_-pensate for a lowering of the lever during the experiment. 


{ 4 i i 


Fig. 6. x} Simultaneous curves from a rabbit ; 4 showing discordant and 2 concordant 
curves of abdominal and pleural pressures. Lettering as in Fig. 5. 
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change almost equal to the original variation occurring in the pleura, is 
- without affect on the respiratory curve of blood-pressure. 

During the course of several experiments, the concordant curves 
have developed during the course of the experiment, apart from phrenic 
section. This has been noted in dogs, cats and rabbits’. But no marked 
change in the response of blood-pressure to respiration, attributable to 
this change in the type of breathing, has been observed. As an example 
the two curves obtained from a rabbit may be given (Fig. 6). Here 
where the normal inspiration was accompanied by a fall of blood- 
pressure, despite a rising abdominal pressure, the only difference 
observable when the intra-abdominal curve became reversed was a 
slightly increased excursion of the respiratory curve, such as might be 
expected. The difficulty in these experiments is to pick out, subsequent 
to the experiment, portions of the tracings which show approximately 
the same blood-pressure, the pulse rate and respiration rate, and the 
same depth of respiration. But it may be stated that no evidence has 
been found in animals of any marked change in the respiratory curves 
of blood-pressure as a result of a change in abdominal pressure from 
the discordant to the concordant type. This conclusion is in opposition 
to that of Schweinburg, but is in complete accord with that of de 
Jager. 

(c) The effect of cord section. Cord section is followed by abdominal 
breathing. The.section was performed in cats at the Ist and in dogs at 
the 2nd dorsal vertebra. | 

In two eats, in one of which the vagi were cut, and in two dogs, cord 
section was followed by no alteration in the respiratory curve of blood- 
pressure. The changes in abdominal and pleural pressures in the two 
cats were as follows : 


Intra-pleural Intra-abdominal 
“Before After “Before After 
Cat Oto -2 -2to -8 5 to 6 10 to 12 
Cat -6 -8 to -9 15 to 22 2 to 8°5 (vagi cut) 


In a further experiment the chest was thrown out by strapping it 
with adhesive plaster. This was accompanied by a fall of blood-pressure, 
and an increase in the mean and variation of abdominal pressures. 
There was no alteration of the respiratory curves of blood-pressure after 
this procedure, and no change on removing the strapping. 

* Dogs have been anmsthetised with morphia and a.c.z., rabbits with urethane 
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(d) The effect of opening the abdomen. The results of these experi- 

ments are embodied in the accompanying table. | 

wd, and both vagicut Fall of B.-P. 20 mm. Hg., in | 

Cord intact, vagi cut Fall of B.-P. trom 8240 mm, Hg., socompanied by 

slight change in depth of breathing, fully account- 

ing for any change in respiratory curve. 

Cord and vagi intact No fall of B.-P., no change in respiratory curve. 

Cord cut, vagi intact Fall of B.-P., no change in respiratory curve. 

Cord intact, vagi cut Fall of B,-P,, no change in respiratory curve. 


Fig. 7. x}. Fromacat. Lettering etc. as in preceding figures. The abdominal pressure 
was raised by bandaging the abdomen. 

(e) The effect of raising the mean abdominal pressure. The mean 
abdominal pressure has been raised by bandaging the abdomen with 
broad strips of cloth to the required tightness. In experiments of this 
type, upon six cats, the intra-abdominal pressures have been raised from 
the mean of 2 mm. Hg. to 4, 6, 9, 10, 15 or 20 mm. Hg. The rise of 
abdominal pressure has been accompanied by a wider variation of the 
pressures, from the average of ‘6 mm. to 2, 4, or even 5 mm. Hg. 

At the same time the intra-pleural pressure variations are as a rule 
considerably decreased. Thus in one experiment they were reduced to 
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one half by a rise in mean abdominal pressure from 1°75 to 10 mm. Hg. 
It has not been found possible to fix absolute quantitative relationships 
between the rise of intra-abdominal pressure and its variation and the 
variation of intra-pleural pressure. The main results obtained, which 
concern us, go to show that despite a considerable increase in the 
variation of intra-abdominal pressure, and despite a simultaneous 
decrease of intra-pleural pressure, so that the variation in abdominal 
pressures ultimately obtaining even exceed those of the chest, yet the 
changes occurring in the systemic blood-pressure are responses to 
intra-pleural and not to intra-abdominal pressures. 

(f) The effect of producing artificial changes of pressure in the 
abdomen. It is not until comparatively large changes in the variation 
of abdominal pressures are produced, variations which may be discordant 
or concordant, to the change in intra-pleural pressures, that the respira- 
tory curve is appreciably interfered with, 


Fig. 8. x}. From a eat. Lettering ete. as in preceding figures, with exception 
H. = Hiirthle record of blood-pressure. The abdominal pressure was raised and varied 
by placing the hand on the abdomen and opposing the movements of the diaphragm. 


If the hand is placed on the abdomen, and the movements of the 
diaphragm are followed or opposed, changes of pressure can be produced 


in the abdomen of the concordant or discordant type. The 
pe. pressure 
changes necessary to produce an appreciable effect on the respiratory 
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curves can thus be estimated. The method has not been so productive 
of numerical deductions as might have been anticipated. There appears 
to be a considerable difference between one animal and another; and 
the different types of respiration and blood-pressure curves make the 
investigation very complex. From observations upon 8 animals certain 
conclusions may be drawn. With the usual range of 'intra-pleural 
pressures it requires a variation in abdominal pressure of about 
10 mm. Hg. before the curve of blood-pressure becomes entirely depen- 
dent on intra-abdominal pressure changes. If the intra-pleural variation 
is wider, the variation of abdominal pressures has to be somewhat 
raised before the same effect is produced. A range of abdominal 
pressure of 15 to 20 mm. Hg. will invariably give the effect, despite a 
maximal change of intra-pleural pressures. Thus the range of intra- 
abdominal pressure necessary appears to be in a measure independent 
of pleural pressures, but it must always be high. The experiments are 
complicated by the fact that wide changes of abdominal pressure 
seriously alter the range of intra-pleural pressures, and it is often very 
difficult to pick out, subsequently, portions of the tracings which allow 
of a fair comparison. Fig. 8 however may be given as an example, as 
it shows sufficiently well the complete inversion of the response of the 
systemic blood-pressure obtained in this way’, and other factors are 
fairly constant. 

The results which have now been recorded make it clear that changes 
in intra-abdominal pressure which occur naturally in anssthetised 
animals under the ordinary conditions of experimentation play no part 
in the production of the respiratory changes of blood-pressure, and that 
it is only when the variation in the abdomen exceeds that occurring in 
the chest and is wide that they are affected. The experiments go to show 
that Schweinburg’s view that abdominal pressures are of considerable 
importance cannot be upheld, and in this respect confirm the conclusions 
of de Jager. They also demonstrate that when the variation in the 
abdominal pressures are comparatively large, and even under certain 
circumstances when they somewhat exceed the variations in the chest 
pressure, the respiratory change of blood-pressure will depend entirely 
on the latter. | 

(g) Respiratory tracings im man. The question now arises as to 
how the respiratory tracings obtained in man are to receive ex- 

1 The immediate response of the individual respiratory curves tends to show that the 
rise of abdominal pressure acts by increasing the resistance in the splanchnic area, rather 
than by increasing the venous output. 
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planation. In anwsthetised animals the changes of abdominal pressure 
are insignificant and insufficient to affect the curves. But it is 
scarcely deniable that the abdominal muscles in man have greater 
tonicity than those of anwsthetised animals. Moreover tracings from 
the human pulse are as a rule taken in the sitting posture, in whieh 
the walls of the abdomen are supporting the underlying viscera. When 
a deep diaphragmatic inspiration is taken, and the chest is kept so far 
as possible motionless, a sensation of tension is quickly developed in the 
abdomen, and it may become very considerable. There is no question 
but that in Valsalva’s experiment the abdominal pressure rises very 
greatly, and there is every reason to believe that it constitutes one 
of the main causes if not the chief source of the rise of blood-pressu 
which occurs in this experiment. | 

If a stiff walled rubber tube is employed as a rectal sound and is 
connected to a manometer and recording apparatus, an approximate 
estimate of the changes of intra-abdominal pressures may be obtained. 
Experiments carried out on these lines have yielded the following 
results. 

In Valsalva’s experiment the rectal pressure may rise to 100 mm. 
Hg. A tracing is given in which during such an experiment, the 
subject expired against a mercurial column, and in which the pressures 
of the expiration and the rectal pressures were simultaneously recorded 
(Fig. 9 A). The tracing shows a rise of rectal pressure to 94 mm. Hg., 
while the expiratory or tracheal pressure reaches 87 mm. Allowing 
say 10 mm. Hg., which is a low estimate for the tension in the lungs, 
and remembering that the rise of pressure in the abdominal cavity is 
very probably somewhat higher than that in the rectum, owing to the 
protection afforded by its walls, it would appear that in this instance 
the pressure in the abdomen actually exceeded that in the pleural 
cavity by about 20mm. Hg. 

In thoracic breathing the abdominal wall recedes and the pressures 
in the rectum fall about 5 mm. Hg. 

In abdominal breathing, when the inspiration is deep, the rectal 
pressure may rise to 30mm. Hg., and frequently shows a range of 
20 mm. A rise of abdominal pressure of this extent must have a con- 
siderable influence not only upon the output of venous blood, but upon 
the resistance in the splanchnic area. | 

While the changes in abdominal pressure in animals under anesthesia 
are small, those in the abdomen of man during abdominal types of 
breathing are large. It appears reasonable to conclude that certain 
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inspiratory riges of blood-pressure in man are due to this factor. In- 
spiratory rises in anzesthetised animals are asa rule to be accounted for in 
a different way, and it is probable that abdominal pressures in themselves 
can rarely be regarded as constituting a chief factor. In certain of 
Einbrodt’s curves from dogs (1860) there is a general rise of the 
tracing and it occurs synchronously with inspiration. In such instances 
it is probable that abdominal pressures contributed. Such curves are 
occasionally met with during the earlier stages of experiments and more 
particularly under light or surgical anesthesia, when the tone of the 
abdominal muscles is greater. 


Fig. 9, 4. Fig. 9, B. 
Fig. 9, 4. x4. Valsalva’s experiment. Human. T.=tracheal pressures. R.=rectal 
pressures in mm. Hg. 


Fig. 9, B. Same as Fig. 9, 4. Shows effect of diaphragmatic breathing on abdominal 
pressures. 


3. THE RELATIONSHIP OF BLOOD-PRESSURE AND 
RESPIRATION IN MAN. 

Knowing the importance of abdominal pressure in the production 
of certain types of respiratory curve in man we may pass to a brief 
but general consideration of the relationship of blood-pressure and 

iration in the human subject. 

a: is impossible to attempt a review of previous work, for it would 
involve a detailed discussion of the method employed in each instance 
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and of the curves published. In the table given on page, 234 the main 
results have already been given, and we may proceed to some general 
propositions and to a short criticism of the generally accepted work of 
K lemensiewicz. 

‘In the first place it is imperative that it should be recognised that 
the fixation of the sphygmograph by a band encircling the wrist or 
neck entails a serious fallacy. Almost all previous work, notably that 
of Klemensiewicz, is open to this objection. The present observations 
have been made by the use of the suspension method, previously de- 
scribed in full, moreover all observations have been carefully checked 
by the use of the Riva-Rocci sphygmomanometer. When the band 
fixation is used it is extremely difficult if not impossible to exclude 
the influence of movements of the arm. It is probable that many of 
the irregular curves published are due to this fallacy (this has been 
pointed out by Knoll in his criticism of Klemensiewiez’s work, in 
which the band encircled the neck'; and also by Mackenzie). 

In the second place it is imperative to take abdominal pressure into 
account. But it is necessarily impossible in any given case in which 
an individual is instructed to take a deep. breath, to state with any 
degree of acctracy to what extent the intercostal muscles and to what 
extent the diaphragm will participate, and it is consequently essential 
to first examine the results obtained when in a trained subject pure 
intercostal or pure diaphragmatic breathing is attempted. The results 
of such an investigation are as follows: 


Insp. Insp. Susp. Exp. Exp. Susp. 


+ 
+ 


+ 


1 If Klemensiewicz’s results are examined with care an obvious inconsistency will be 
found. He divides respiration in man into 8 types, according to the length of the particular 
phases, and takes tracings of as many types as possible, when inspiration or expira- 
tion is from 4 to 80 sec. duration. The results are tabulated, and are expressed as rises 
and falls of blood-pressure, and alterations of pulse rate. The inconsistency is noted when 
an attempt is made to associate a rise of pressure with a slowing of the pulse. It is almost 
an axiom that respiratory curves of blood-pressure show this relationship when the vagi 
are intact, There are exceptions, notably in Miller’s experiment, but the exceptional 
relationships seen in Klemensiewicz’s tables are not met with. Moreover the changes in 
pulse frequency found by this author are far more constant than are the changes in 
pressure, and they agree far more closely with previous work on the subject. It seems fair 
to assume that the pulse rate changes found by him and not the blood-pressure changes 
are correct, more particularly as the former are not open to the criticism stated above. 


Thoracic 
+ 
Abdominal 
+ 
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The results given in this table require, so far as blood-pressure i is 
concerned, a single qualification. It is the rule that when an inspira- 
tion is taken, the blood-pressure shows a fall at the next beat, but if 
the inspiration has been preceded by an expiration, the effect of the 
latter may be somewhat prolonged and so interfere with the prompt 
response to the inspiration. There is a delay not in the onset of a 
response but a delay in the termination of a response. 

Moreover this delay varies to a slight extent from one individual 
to another, and applies likewise to an expiration following an inspira- 
tion. This may be shown by starting the particular respiratory act 
during quiet breathing and by taking respiratory acts of different 
durations. It will be obvious that if both abdomen and chest participate 
in the breathing intermediate results will be obtained, or rather one 
effect will tend to counteract the other; curves of this type will be 
referred to later. But it also follows that if abdomen or chest does not 
participate to the same relative extent during different instants of a 
particular act, very complex curves will occur which may defy analysis. 
This is actually found to be the case. 

When a patient is asked to take a deep breath, a thoracic inspiration 
usually occurs. But if the request is for a prolonged inspiration it is 
impossible to predict the result. The breathing will in many instances 
be of the most disorderly character, starting perhaps as intercostal and 
finishing as abdominal. In this we have a rational explanation of the 
irregular and polyphasic curves given by many writers. 

It is only possible to take up a few of these types, but before doing 
so further reference must be made to the effect of alteration of pulse 
rate on the curves. This well-known effect of respiration has been 
fully dealt with by many writers (notably by Hering”, Fredericq”%, 
Wertheimer and Meyer™ )and is recognised as due to vagal influences. 
It is referred to here in consideration of the fact that it tends to confuse 
the interpretation of the curves. If the two top curves of Fig. 4 are 
again examined it will be seen that the pulse decreases in frequency 
during those portions of the curves which represent raised intra-thoracic 
pressure’. But in addition to this the slow beats are larger than the 
more rapid ones. This alteration in the size of the beats affects the 
general outline of the curves. Taking the band of paper covered by 
the beats it will be seen that the top edge of the band tends to be 


A As Schreiber states the slow beats come at the end of expiration and the beginning 
of inspiration in man and animals, and not as is sometimes stated during expiration 
alone. 
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straight in abdominal, and the bottom edge of the band during thoracic 
breathing, The systolic line of the beats shows the curve best in the 
chest type of breathing and the diastolic line in the abdominal type. 
This effect is due to the superposition of small beats in the one case 
upon a rise, in the other upon a fall of blood-pressure. Now in those 
cases where abdominal and thoracic breathing are mixed, that is to 
say, where the fall due to the intercostal movement is counteracted by 
a rise due to diaphragmatic movement, the mean blood-pressure should 
vary but slightly, and curves are produced such as that shown in Fig. 10. 
Taking any point on the band formed by the pulse beats and consider- 
ing the edges of the band (which have been dotted in white), it will be 
seen that the two edges, or systolic and diastolic lines, always move 
in opposite directions, They are discordant throughout. In instances 
of this sort and in many of the intermediate forms of curve which 
occur between it and the types shown in Fig, 4 it is often extremely 
hard to state whether a rise or fall of mean pressure is occurring. 
Moreover in these instances the Riva-Rocci does not help, as it records 
quick changes only in systolic pressure. 


Fig. 10. x4. Simultaneous records from chest wall and radial pulse. Human. 


Before finally leaving the subject matter of this section some 
further reference must be made to the type of curve seen in Fig, 10. 
It frequently occurs in dogs and cats at the beginning of an experiment. 
At this stage the pulse rate is often comparatively slow, and in Hiirthle 
tracings is tricrotic, During the continuation of the tracing it becomes 
more dicrotic, the pulse respiration ratio increases and the variation 
in the size of the beat with respiration is less, Briefly there are all 
the indications that in the early stages vagal tone is considerable, and 
that it tends to diminish during the course of the experiment. It is 
essential that we should attempt so far as possible to elucidate the 
effect of respiration upon blood-pressure under normal circumstances. 
Now in dogs and cats, as in man, the pulse respiration ratio is small, 
and on the other hand the curves given to illustrate respiration effects 
as a rule show a very high ratio. The frequent occurrence in animals 
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of the type of curve figured in Fig. 11, when the pulse respiration ratio 
is small, leads one to suspect that it is a frequent type under normal 
conditions, There is some further evidence in man which may now 


detailed. 


Fig. 11. Simultaneous records of tracheal pressure and blood-pressure, the latter taken with 
Hiirthle manometer. To the left breathing is natural. To right artificial. | 


In a series of observations upon 17 young adult male subjects, 
tracings were taken of the pulse during the occurrence of natural 
breathing. The sphygmograph tracing showed no respiragory curves’. 
The subjects of investigation were now asked to deepen the respiration 
slightly, no reference being made to abdominal or thoracic breathing. 
The first effect of respiration upon the pulse was then noted. In 14 out 
of 17 the type of curve under consideration was developed. In two the 
chest type and in one the abdominal type. The observations though 
suggestive are perhaps not sufficiently numerous to allow of very 
definite conclusions. The type of curve must however be admitted 
as an extremely common one both in animals and man. The point 
arises as to whether in these cases the abdominal and chest influences 
upon blood-pressure neutralise each other, or whether when changes 
of thoracic pressure are small it may be that vagal influences are 
present when mechanical factors are too small to have an appreciable 


* Sphygmograph tracings do not show respiratory curves in normal subjects who are 


while intra-thoracic pressure is raised, during natural breathing. 
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seen in the tracings yielded by Erlanger’s sphygmomanometer, the fuller beat occurring ; 
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effect: The evidence derived from. animals in which the abdominal 
range.of pressures is so slight is distinctly in favour of the last 


SUMMARY AND CHIEF CONCLUSIONS. 


1. In man a deep intercostal inspiration, which is not prolonged, 
yields a pure fall of blood-pressure. A deep diaphragmatic inspiration, 
which is not prolonged, gives a pure rise of blood-pressure. The rise 
in blood-pressure in abdominal breathing is due to a raised intra- 
abdominal pressure. In expiration the reverse effects hold. 

2. It follows from the first conclusion that many of the recorded 
inspiratory rises of blood-pressure in man are due to diaphragmatic 
breathing. A rise may also occur during the later stages of a prolonged 
intercostal inspiration even though it is not suspended. 

3. In animals, under deep anesthesia, the abdominal pressures 
play no part in the production of respiratory curves. 

4. As respiratory curves of blood-pressure are of very complex 
origin, and as the different factors involved in their production vary 
very widely, it is not possible, either in man or animals, to state what 
the blood-pressure response to a particular respiratory act will be 
unless the conditions and nature of the act are known. The general 
statement that spontaneous inspiration yields in the main a rise of 
blood-pressure is entirely unjustified. 

5, The respiratory curves of cerebral pressure are not necessarily 
the reverse of the systemic arterial curves; neither are the cerebral | 
curves of necessity concordant with the venous pressures. 

6. Artificial ventilation, as ordinarily employed, gives a rise of 
blood-pressure during inspiration and a fall during expiration in all! 
animals. 

7. The Pulsus Paradoxus is a misnomer. Kussmaul’s pulse is 
a normal event, for the blood-pressure almost always falls when a 

patient, instructed to do so, takes a deep breath. 
8 There is a frequent type of respiratory curve of Sali lieve 
in man and animals which has escaped attention. It is due entirely 
to a change in size and rate of the individual pulse beats, which follows 
the change of intra-pleural pressure. The systolic and diastolic lines 
are discordant; the former is raised and the latter is lowered, when 
intra-thoracic pressure is raised. In consideration of the normal 
pulse-respiration ratio this type of curve probably represents most 
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neatly the type occurring in natural breathing i in man and animals; 
and the factor involved in its production is therefore in all probability 


the most important in determining the normal respiratory oscillation of 
blood-pressure. 


9. In investigating respiratory changes of blood-pressure in man, it 


is absolutely essential that a sphygmograph with band fixation be not 


used, 
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NOTE ON THE SUPPOSED EXISTENCE OF VASO- 
CONSTRICTOR FIBRES IN THE CHORDA TYMPANI 
NERVE. By W. M. BAYLISS. 


(From the Physiological Laboratory of University College, 
London.) 


FROHLICH and Loewi have published’ experiments which appear to 
demonstrate the presence of vaso-constrictor nerve-fibres in the chorda 
tympani nerve, Since this nerve is usually regarded as a typical vaso- 
dilator and as the conclusions drawn from various experimental results 
by many observers would be invalidated if such were the case, it seemed 
to me necessary that the experiments of the above-mentioned investi- 
gators should be repeated. | 

They found that, if the drops. of blood issuing from the vein of the 
submaxillary gland of the cat were registered on a smoked paper in the 
manner described by Marey, that is, by causing each drop to fall upon 
the enlarged end of the lever of a tambour, which was itself in connection 
with another tambour, writing on the smoked paper, excitation of the 
chorda tympani caused, as is well known, a considerable increase in the 
rate of flow through the gland. After giving amyl nitrite or sodium 
nitrite, on the contrary, there was a diminution in the flow of blood 
when the chorda was excited. The same result followed the administra- 
tion of one milligram of pilocarpine, when nitrite had been previously 
given. The conclusion is that vaso-constrictor fibres were excited in 
both of these cases. The fact that these fibres do not show their 
presence when the chorda is excited under ordinary conditions is 
explained by assuming that the concurrent excitation of the vaso- 
dilators, which greatly preponderate in number, is sufficient to mask 
the effect. Under the action of nitrite, the dilators are already in a 
state of nearly maximal excitation, so that electrical excitation is unable 
to produce much increase in it, whereas the vaso-constrictors, not being 
under the influence of the drug, can be excited electrically. 


' Zentralblatt f. Physiol. xx. p, 229. 1906. 
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In order to test the question, I have performed four separate 
experiments, one with amyl nitrite and three with sodium nitrite. I 
may say, at once, that I have been unable to obtain any results which 
would warrant the interpretation of their being due to the presence of 
vaso-constrictor fibres. Although the dose of nitrite was ultimately 
increased to the extent of causing the colour of the blood to become 
dark brown, so that the animal was only kept alive by artificial respira- 
tion, there was still to be obtained an unmistakable vaso-dilatation from 
the chorda. 

Under morphine and a mixture of chloroform and ether, the 
chordo-lingual nerve was prepared for excitation and divided. Hirudin, 
in a dose of one decigram per three kilos. of animal, was then given and 
the blood-flow from a cannula in the external jugular vein was recorded 
in the manner used by Fréhlich and Loewi; all the affluents of this 
vein being tied, with the exception of that from the submaxillary 
gland. 


Fig. 1. Effeet of exciting chorda under amyl nitrite. At A the inhalation was begun, at 
B it was stopped and at D again turned on. At C the chorda was excited. In this 
and all succeeding figures, the blood-pressure tracing is at the top, immediately below 
it is the record of the number of drops of blood. Under this is the excitation marker 
and, at the bottom, the time signal, in this figure marking two seconds. Blood- 
pressure zero, 12 mm. below excitation marker. 


Fig. 1 shows the effect of exciting the chorda after placing amy! 
nitrite in the anzsthetic bottle of the respiration apparatus, A large 
fall of blood-pressure is seen to follow the inhalation of the drug, 
accompanied by some increase of blood-flow through the gland. This 
latter is, of course, much less than it would have been, had it not been 
counteracted by the fall of arterial pressure. On exciting the chorda 
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for a few seconds there is a considerable acceleration of the flow from 
the gland vein. 

‘In Fig. 2. similar result is seen after the intravenous injection of 
60 milligrams of sodium nitrite, sufficient in this case to turn the 
htemoglobin brown so that the animal died’ when the artificial — 
tion was stopped. ~ 


Fig. 3 shows that, after 100 willigueime of sodium nitrite, there is 


still ;a marked effect, although the animal was moribund and died as 
soon as the artificial respiration was stopped. The colour of. the blood 
showed that it contained very little oxyhemoglobin, even when a 
vigorous ventilation of the lungs was kept up. 


Fig. 2. Fig. 38. 


Fig. 2. Two excitations of chorda under 60 mgrma, of sodium nitrite. Blood-pressure 
zero, 30 mm. below excitation marker, Time in 10 secs. 


Fig. 3. Effect of exciting chorda in the last stage of nitrite action. The kymograph was 
stopped before the effect had ceased. Time in 2 secs. 


If the chorda contained vaso-constrictor fibres, it would be expected 
that some sign of their ‘presence should be found in the general excita- 
tion of asphyxia. I have been unable to detect any indication of such 
an effect. In a curarized cat, in which the cervical sympathetic had 
been cut, on stopping the artificial respiration there was, on the 
contrary, an acceleration of the blood-flow. This did not appear to be 
entirely due to the rise of arterial pressure, since it did not come on 
simultaneonsly with this rise and lasted after the level had fallen again 
below its initial height. It was, doubtless, produced either by central 
excitation of chorda dilators or by direct action of asphyxial blood upon 
the arterioles. The latter seems to be, at all events in part, the cause, 
since a similar effect was observed in another case in which the chorda 
had been cut. 

With regard to the experiments made by Friéhlich and Loewi 
with pilocarpine, it must be remembered that this drug, owing to its 
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toxic action on the heart, always causes a considerable fall of blood- 
pressure, which, in itself, more than counteracts any dilator effect it 
may have, It may sometimes be noticed, at the very commencement 
of the fall of pressure, that there is a transitory increase of rate of flow, 
but this rapidly gives way to diminution, although saliva is being 
secreted copiously. In Fig, 4 is seen an example of this action. 


Fig. 4. Action of pilocarpine and of atropine. Before the tracing begins, 60 mgrms. of 

_ sodium nitrite had been given. At A 2 mgrms. of pilocarpine was given intravenously. 

At B, 5 mgrms. of atropine were given in the same way. Blood-pressure zero is 8 mm. 
below the line of drops. Time in 10 second intervals. 


Previously to the figure, 60 mgrms. of sodium nitrite had been 
given. The rise of blood-pressure, immediately on injection of the 
alkaloid, was due to the unnecessarily large amount of saline used to 
wash in the material. There is a slight acceleration of the rate of the 
drops, not entirely due to this rise of pressure, since it continued after 
return of the pressure to its previous level, There follows a period of 
greatly lessened rate of flow, which is put an end to by the injection of 

On consideration of the effect of pilocarpine, as seen in the tracing, 
it appears that the slowing is greater than would be caused merely by 
the fall of blood-pressure. Smooth muscle, in fact, in certain organs, 
such as the bladder and intestine, is caused to contract by pilocarpine, 
so that it is quite possible that the gland arterioles were constricted. 
The general opinion seems to be, however, that, under its action, the 
arterioles are dilated’, Moreover, if the diminution of blood-flow 


- deseribed above were actually due to vaso-constriction, it seems to 


be peculiar to the cat, since Langley? found, in the dog, that a con- 


_ siderable and prolonged increase of blood-flow from the vein of the 


submaxillary gland resulted from the administration of pilocarpine. 
In any case, even if arterial constriction were present, it by no means. 


' Cushny, Pharmacology, 4th Ed. p. 315. 1906. 
2 Journ. Anat. and Physiol, xt. p. 173. 1876. 
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follows that this is produced by central excitation of constrictors con- 
tained in the chorda; it is far more likely that the effect, if present, 
is either on the terminations of the sympathetic constrictors in the 
gland or directly on the muscular coat of the arterioles. 

Fréhlich and Loewi state that atropine, in doses of 1 mgrm., 
paralyses the action of their vaso-constrictor fibres, It is obvious that, 


not having been able to obtain their result, I have been unable to test 


the effect of different agents upon it. It seems very improbable that so 
small a dose of.atropine should prevent any genuine vaso-constrictor 
effects, as no action of this kind is known i in the case of other vaso-con- 
strictors. 

I find it very difficult to suggest an explanation for the results 
found by these observers, Certain possibilities, on being put to the 
test of experiment, failed to give any clue. 

In the first place, it seemed possible that, if the duct of the gland 
had been accidentally obstructed, a copious secretion of saliva might, by 
distension of the intraglandular ductules, compress the veins. Barcroft' 
has, in fact, found that ligature of Wharton’s duct diminishes the vaso- 
dilator effect of the chorda. In my experiments, the effect of ligature 
of the duct was very small, whether nitrite had been given or not. The 
increase in flow on chorda excitation was not much lessened by such 
obstruction, far less changed into a diminution. 

A second possibility was suggested to me by Mr Barcroft. When 
a very low blood-pressure is present, owing to the action of the nitrite, the 
rate of blood-flow might, conceivably, be ledsened by the abstraction of 
water in the saliva secreted, especially if there were considerable dila- 
tation of the gland-vessels to begin with, so that chorda excitation did not 
cause much further dilatation. This explanation was also found to be 
insufficient, on looking over my experimental results. The arterial 
pressure at the end of the experiments described above was extremely 
low, in one case only 26 mm.; there was nevertheless, even in this case, 
an undoubted increase of blood-flow on exciting the chorda, although it 
was a small one. | 

The only possibility left seems to be that the results of Fréhlich 
and Loewi were, in some way, due to escape of exciting current. In | 
the tracings published in their paper there is no record of the blood- 
pressure, so that there is no evidence that there was not escape to 


‘sensory nerves, causing a vaso-constrictor reflex on the sympathetic 


1 Proc. Physiol. Soc. p. liii. 1908. This Journal, xxxv1. 1907-8. 
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supply to the gland. Of course, if this nerve had been dipided, such 
effect would be excluded, but no statement is made to tla effect. I 
have attempted to produce a reflex of this kind, but found the rise 
of arterial pressure was more than sufficient to counteract the result of 
vaso-constriction in the gland. This explanation, again.) 

There is one way, however, in which diminution of blood-flow is 
sometimes produced on excitation of the chorda. The effect is shown 
in Fig. 5. In this experiment the cat was eviscerated and the abdominal 
aorta connected to the mereury compensator, described in another place’. 


Fig. 5. Four excitations of the chorda, In 1 and 2 before, and in 3 and 4 after, the 
administration of 60 mgrms. of sodium nitrite. In 1 and 4 there was escape to 
musele, in 2 and 3, this was avoided. Blood-pressure zero in 1 is 29 mm. below 
excitation marker ; in 2 it is 32 mm., in 3 it is 38 mm. and in 4, 27 mm. Time in 10 
second intervals. 


This, however, is unessential. In the first tracing, it will be seen that, 
during the period of excitation, the flow from the gland vein entirely 
ceased and that, on cessation of the stimulus, there was a rush of drops. 
On investigation, the cause was found to be merely that the electrodes 
had become displaced and the exciting current escaped to surrounding 
tisstes. This escape is shown, in one way, by the reflex rise of arterial 
pressure and it was also seen that muscular structures underneath the 
vein entered into contraction, visibly obstructing it. In the next 
tracing, the electrodes, with the nerve, were raised up out of the wound 


1 This Journal, p. 272. 
PH. XXXVII. 18 
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and it is seen that the rise of blood-pressure was absent, no muscular 
contraction was seen and there was no diminution of flow from the vein. 
Sodium nitrite was then given. In tracing 3 the position of the elec- 
trodes was as in the previous one, the result, also, was the same. In the 
fourth tracing the nerve and electrodes were lowered into the wound 
and again muscular contraction, rise of blood-pressure and obstruction 
of gland-vein appeared. 

I am, naturally, loth to suggest that so simple an explanation 
accounts for the results obtained by practised experimenters, but I can 
see no alternative. There is, at the same time, a difficulty. In the 
tracing published by Fréhlich and Loewi, there is no acceleration 
of flow on ceasing the excitation. The possible reason for this is that 
the vaso-dilators were already in a state of maximal excitation owing to 
the nitrite, so that the chorda was unable to increase it ; or, perhaps, 
the chorda mechanism was paralysed and the only effect was that due 
to obstruction of the vein. I have not seen this paralysis to take place, 
however, although the dose of nitrite in my experiments was a lethal 
one, in the sense that the cat died without artificial respiration. 
Possibly if given a larger dose, the chorda might have become inactive. 
The dose used by me was the maximum one given by Fréhlich and 
Loewi. 

One experimental result remains to be mentioned. It was found by 
Carlson' and by Barcroft*, that excitation of the cervical sympathetic 
in the cat caused vaso-dilatation in the submaxillary gland of the same 
side. It seemed that, if the method adopted by Fréhlich and Loewi 
were a reliable one, the constrictor effect of this nerve, known to contain 
vaso-constrictor fibres, should become more manifest after the injection 
of nitrite. In the experiment I performed to test this deduction, I was 
unable to obtain increase of blood-flow during the excitation itself, 
which always caused a slowing, although I made use of various strengths 
of stimulus. This slowing was followed by a considerable and prolonged 
increase of blood-flow. In this latter fact I am in agreement with the 
observers referred to. Carlson states that, with a weak current, the 
increase may come on during the excitation and gives tracings showing 
this, which was the effect I hoped to obtain. After injection of nitrite, 
I could detect, in my experiment, no change in the relative amounts of 
constriction and dilatation produced by excitation of the sympathetic, 
except, perhaps, a rather more prolonged after-dilatation. This result 


1 Amer. Journ. of Physiol. xix. p. 408. 1907. 
* Proc. Physiol. Soc. This Journal, xxxv. p. xxix. 1907. 
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indicates that, so far from actually revealing the presence of vaso-con- 
constrictors in the chorda, the injection of nitrite would not be likely to 
cause their action to become more obvious even if they did exist. It is 
worth noting that, in my experiment, the chorda was divided, so that 
i any possibility of reflex excitation of chorda dilators was excluded. 
{ Carlson does not state whether this was done in his experiments and, 
_. as I have shown in another place, if depressor fibres were contained in 
the sympathetic excited, as sometimes occurs, reflex excitation of chorda 
dilators may be produced. My result is, therefore, of some value in 
serving to show that the production of vaso-dilatation by excitation of 
the sympathetic in the cat is a genuine peripheral effect, whatever may 
be the actual cause of it. 


(The expenses of this research were defrayed by a grant from the Royal Society. ) 
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THE EXCITATION OF VASO-DILATOR NERVE-FIBRES 
IN DEPRESSOR REFLEXES. By W. M. BAYLISS. 


(From the Physiological Laboratory of University College, London.) 


At a meeting of the Physiological Society in March of the present 
year I showed an experiment in which, on excitation of the central end 
of the vagus nerve, the rate of blood-flow through the submaxillary 
gland of the opposite side, on which the cervical sympathetic had been 
divided, was seen to be considerably accelerated, coincidently with a large 
fall of blood-pressure. Since the only vaso-motor supply of the gland 
consisted in the vaso-dilator fibres of the chorda tympani, I drew the 
conclusion that, in depressor reflexes generally, there is excitation of 
vaso-dilator fibres, in addition to the inhibition of vaso-constrictor tone, 
usually believed to be the manner in which the fall of arterial pressure 
is produced. | 

Fig. 1 is a part of the tracing obtained on the occasion mentioned 
and is given here to show the kind of effect usually obtained. It will 
be noticed that the fall of arterial pressure, produced by exciting the 
central end of the vagus in the cat, takes place in two stages, the second 
stage commencing after the period of excitation has ended. It has 
recently been shown by Lehndorff', that the second fall is of cardiac 
origin, being due to failure of the heart in consequence of the lowered 
blood-pressure. The proof of this was found in cardiometer tracings. 
The first part of the fall only is, therefore, to be regarded as representing 
the effect of the peripheral vaso-dilatation. We see indeed that the 
increased rate of flow through the gland is practically confined to the 
period of vaso-dilatation anterior to that in which heart-failure produces 
its effect. The effect of the vascular dilatation, which probably still con- 
tinues for some time, is, in the later stage, overpowered by that of the 
low arterial pressure. In order to save space, in the figure the tracing 
is not continued as far as the return of the blood-pressure to the original 
level. 

1 Arch. f. (Anat. u.) Physiol, 1908, p. 389. 
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It has been pointed out to me by Prof. Langley that the experingent 
does not warrant the conclusion that I drew from it. When the vagus 
ia trunk is excited, several different kinds of fibres in it share in the 
| excitation. In addition to the depressor fibres coming from the aorta, 
there are numerous afferent fibres from the alimentary canal and else- 
where. It may reasonably be held that the effect on the salivary glands is 
part of a special reflex due to excitation of these latter fibres and connected 
with the secretion of saliva in the taking of food, or, that it is similar 


to the effect frequently seen on exciting an ordinary sensory nerve, such 
as the sciatic’. 


+ Fig. 1. Effect of exciting the central end of vagus on the blood-flow through the sub- 

3 maxillary gland of the cat. Vaso-constrictors cut. In this and all succeeding 
tracings, the upper curve is that of the arterial pressure; the next below it marks 
the drops of blood falling from the gland vein, recorded by being received on a disc 
of mica attached to the lever of a tambour, which was itself in connection with a 
recording tambour, which traced on the smoked paper. Below this, again, the period 
of excitation is marked and the bottom line indicates intervals of time. In the above 
figure the zero of the blood-pressure is 83 mm. below the excitation marker and the 
time tracing marks 2-second intervals. : 


1 See Langley. ‘‘The Salivary Glands,” Schédfer’s Text-Book of Physiology, 1. 
pp. 489—492. 1898. 
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Now I find that when the experiment is made on a cat in which the 
chorda tympani has been cut, while the cervical sympathetic has been 
left intact, there is also increased flow through the gland. In these con- 
ditions it must be due to inhibition of constrictor tone. So far as can 
be judged from experiments necessarily made on different animals, the 
effect obtained from inhibition of constrictors appeared not to be so great 
as that from excitation of dilators. If the rate of the drops at the 
beginning of excitation is compared with that during a period of 
equal height of blood-pressure afterwards, the former will be found to 
be about double that of the latter. At first sight it would seem as if 
this fact showed that, whatever the nature of the reflex in question, 


Fig. 2. A similar experiment to that of Fig. 1 except that the dilators are cut and 
the constrictors intact. Blood-pressure zero, level of excitation marker. Time in 
2 secs. 


reciprocal innervation in vaso-motor reflexes,.as I have defined it in 
another place’, occurred here. Decisive proof, however, is not given, 
for it may be said that the inhibition of constrictor tone represents 
the result of excitation of the true depressor fibres in the vagus, 
while the excitation of dilators represents the special reflex due to 
excitation of afferent fibres from the alimentary canal. 

In any case it was clearly desirable to test the question by investiga- 
tion of the state of affairs in the submaxillary gland of the rabbit, when 
the depressor nerve itself is excited, since there are no fibres from the 
alimentary canal contained therein. 

Before passing on to the discussion of the experiments made on the 
rabbit, it will, perhaps, be best to refer to certain facts, which tend to 
show that effects can be obtained from the vagus trunk in the cat which 


? Proc, Roy. Soc. uxxx. B, p. 841. 1908. 
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are due to the excitation of the true depressor fibres which are conveyed 
therein. 

The animals used in these experiments were dogs, cats, and rabbits, 
which were anesthetized by morphine (10 mgms. per kilo) and A.C.E. 
mixture. Hirudin was given intravenously in doses of 3 mgms. per 
kilo, This amount was found to be sufficient to prevent clotting of the 
blood during an experiment lasting about an hour and a half. 

In the first place, as already referred to, there is no doubt that 
reflex secretion of saliva may take place on exciting the central end of 
the vagus or other sensory nerve. The result seen in Fig. 1 is, therefore, 
not to be taken as a proof of excitation of vaso-dilators in depressor 
reflexes, since the absence of secretion was not verified. In later ex- 
periments, in which a cannula was inserted in the salivary duct, it was. 


Fig. 38. Effect of exciting central end of vagus in cat with a stimulus too weak to 
cause secretion. Zero of blood-pressure 10 mm. below excitation marker. Time 
in 10 secs. 


sometimes found that secretion was present when the central end of the 
vagus or of a sénsory nerve was excited. One of these experiments is 
especially instructive with respect to the question under discussion and 
may be described in more detail. At the beginning of the experiment, | 
when the anesthesia was deep, excitation of the central end of the 
vagus, with a strength of stimulus of 1000 Kronecker units, caused only 
a slight fall of blood-pressure, without increase of flow from the gland vein 
or secretion of saliva. The amount of 4.c.& was then somewhat 
diminished and, on again exciting the vagus with the same current, a 
larger fall of pressure was obtained, which was accompanied by vaso-di- 
latation in the gland and by fairly copious secretion. When the strength 
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of the stimulus was progressively diminished, it was found that all three 
effects were reduced, but in unequal proportion, until at 300 units, no 
secretion was produced, while the fall of pressure and the vaso-dilatation 
continued, although naturally reduced inextent. Fig. 3 reproduces two 
of the tracings obtained. With the same stimulus of 300 units it was 
also found that secretion was produced or not produced according to the 
degree of anesthesia. Vaso-dilatation was present in both conditions, 
although, of course, less in the latter case. Fig. 4 is of some interest as 
it shows one of the instances of spontaneous fall of blood-pressure, which 
occurred two or three times in the course of this experiment. These were 
not accompanied hy secretion, but, as the tracing shows, vaso-dilatation 
was present. 


Fig. 4. Spontaneous fall of blood-pressure accompanied by increased flow from gland, 
- but by no secretion. Zero of blood-pressure 26 mm. below time-marker. Time 
in 10 secs. 


In another similar experiment no secretion was obtained at all. 
The saliva secreted under direct excitation of the chorda was very 
thick, so that it is possible that a slight secretion might not have 
been able to force its way through the cannula. The vaso-dilatation in 
the gland was, moreover, not large. As arule, when secretion is present, 
there is no difficulty whatever in detecting it. 

It appears, then, that it is possible to obtain excitation of dilators in 
a depressor reflex in the cat, although no secretion is present. Inhibi- 
tion of constrictors was excluded in all these experiments by section of 
the sympathetic. 

The effect of exciting the central end of the anterior crural nerve in 
the cat was, under appropriate conditions, to produce, along with a rise 
of blood-pressure, a considerable flow of saliva, and vaso-dilatation in 
the gland vessels. Since the sympathetic was cut, it was not possible to 
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decide whether vaso-constrictors to the gland were excited. The fact of 
increased flow does not, in itself, necessarily mean excitation of vaso- 
dilator nerves, since the effect might be due to the production of 
metabolites by the activity of the secretory cells. In the dog I have 
found that, when the chorda was cut, excitation of a sensory nerve, or 
asphyxia, caused constriction in the gland. 

The question of the vascular changes in the salivary glands in con- 
nection with reflexes from various nerves is an interesting one and is 
still under investigation. 

In the second place I have made two experiments in order to see 
whether any vaso-dilatation in the gland is to be obtained when the 
vagus is excited below the entrance of the fibres from the aorta. The 
first of these was upon a cat, in which the vagus was dissected out on 
the surface of the stomach. In order that the fibres excited should not 
be, by chance, interrupted by section of the vagus trunk on the side in 
which they ran, beth vagi were left intact in the neck, the sympathetic on 
the side of the gland observed being cut... On exciting the vagus on the 
stomach, the cat not being under curare, a slight rise of blood-pressure 
was seen, accompanied by some reflex contraction of abdominal muscles, 
and the first two drops of blood issuing from the gland made their 
appearance at a shorter interval than before the excitation. In order to 
obviate the abdominal contraction curare was given, but in too small a 
dose to completely paralyse voluntary muscle. On repeating the excita- 
tion of the vagus on the stomach, there was no effect on the circulation 
through the gland. There was, perhaps, a slight diminution of the rate 
of flow, due possibly to inhibition of the dilator tone in the gland vessels, 
which tone had been produced by curare. This I have shown to take 
place in pressor reflexes’. In the second experiment, on a rabbit, the 
cesophagus was found to be small enough to be placed completely in large 
Ludwig electrodes; in this way all the fibres of both vagus nerves below 
the diaphragm were excited. The mercury compensator, to be described 
later, was in use, but did not prevent a slight rise of arterial pressure. 
There was, however, no effect on the gland arterioles, although the 
stimulation was made of considerable strength. The objection may be 
reasonably made to these experiments, that they are of a negative 
character and therefore devoid of much convincing power. Especially 
where reflexes are concerned this objection has, undoubtedly, weight, 
since there are so many circumstances that may prevent the manifesta- 


1 Proc. Roy. Soc. uxxx. B, p. 349. 1908. 
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tion of the reflex, such are excess of anesthetic, shock and low blood- 
pressure. It is probable that, under proper conditions, secretory reflexes 
to the gland would be obtained from the vagus on the stomach. 

In the third place, an attempt was made to excite the depressor nerve 
in the cat. The statement has been made, but I have been unable to 


find the author of it, that in this animal the depressor fibres on the left . 


side run in the cervical sympathetic trunk’, while those on the right 
are contained in the vagus. In my experiment, the gland was prepared 
on the right side, while the vagus and sympathetic nerves on both sides 
were dissected out and the four cranial ends ligatured in order to ex- 
cite them separately. The right sympathetic gave a very slight rise of 
arterial pressure, when excited, due to vaso-constriction on that side of 
the head and neck, inclusive of the submaxillary gland itself, as shown 
by the diminution of the blood-flow from the vein. This nerve, then, 
contained no depressor fibres. The three other nerves all gave a de- 


pressor effect. The relative magnitude of this effect and the corre-— 


sponding change in the gland circulation will be best seen in the furm of 
a table :— 


R. Vagus 104 74 1000 29 x 3°6 
L. do. 100 80 1000 20 x2 
L. do. 68 58 800 14°7 x15 
L. Symp. 78 68 800 13 x14 


It will be seen that very nearly the same number of depressor fibres 
ran in the left vagus and left sympathetic and that the right vagus 
contained more than either of these alone. The point of interest for 
the present purpose is that the increase in the rate of flow through the 
gland is roughly proportional to the amount of depressor fall, a fact 
which undoubtedly suggests that the two phenomena are parts of the 
same reflex. Moreover, the fact that vaso-dilatation in the gland was 
produced by excitation of the sympathetic (+ depressor) seems to show 
that vaso-dilators are excited apart from the participation of fibres 
from the alimentary canal. 

It must be remembered that the numbers given in the table are not 
exactly comparable with one another. The fall of arterial pressure 
being greater in the first case than in the others, and diminishing 
regularly from above downwards would have an unequal effect of itself 
on the rate of flow; this would be more diminished where the fall of 


1 See Langley. This Journal, xxv. pp. 471 and 478. 1900. 
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pressure was greater. Very accurate measurements are, in the nature 
of things, impossible in such cases as the one in question. 

The vaso-dilator effect of the vagus on the gland was not abolished 
by a dose of 5 mgms. of atropine, a rather large dose for a cat. 

The vagus nerve of the rabbit sometimes contains depressor fibres, 
but, in my experience, it behaves usually as a pressor nerve. In an 
experiment in which the gland circulation was under observation, it 
was found that, on excitation of the central end of this nerve, there was 
a slight rise of arterial pressure, but no effect on the circulation 
through the gland. The result of this experiment confirms what was 
stated previously with respect to the effect of exciting the vagi on the 
cesophagus. In another similar experiment, vaso-constriction in the 
gland was observed. 

I pass on now to the description of the experiments in which the 
depressor nerve itself, in the rabbit, was excited. 

In this animal the anatomical relations of the vein of the 
submaxillary gland are much less favourable for the purposes of 
investigation than in the case of the cat. The vein leaves the gland 
at the hilus and joins the inferior maxillary vein underneath the gland, 
the animal being supposed lying on its back’. A small vein, from 
muscles attached to the base of the skull, joins the gland vein close to 
the hilus, so that in the operative procedures necessary to tie this 
muscle vein there is considerable risk of damaging the fragile chorda 
tympani nerve on the duct. On this account I have sometimes 
omitted to ligature the vein. It is plain that the blood coming 
through the vein from muscular structures would, in all probability, 
tend to diminish the effect due to excitation of the chorda, since the 
area from which it comes is not supplied by this nerve, although dilator 
fibres from another source may be present. Any effect from inhibition 
of vaso-constrictors was, of course, excluded by section of the cervical 
sympathetic on both sides. But, whether this particular vein was tied 
or otherwise, the gland was necessarily exposed to manipulation in 
order to tie other veins beneath it. It is not to be expected, therefore, 
that results as marked as those in the cat would be obtained. 

Another circumstance which renders these experiments on the 
gland of the rabbit of some difficulty is the great sensitiveness of the 
blood-flow through it to changes in the general arterial pressure. 
Whether this is due to the conditions of the experiment, Iam unable 
to state. 

1 See Krause. Anatomie des Kaninchens, 4te Aufl. p. 207. 1884. 
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In order to diminish this effect of changes of blood-pressure, I have 
made use of a device which is an improvement on the mercury valve 
described by me some years ago’. The apparatus (Fig. 5) has the 
advantage over the former one in that it compensates both a rise and 
a fall of pressure and in that the blood is automatically removed or 
returned as the blood-pressure regains its normal level after having been 
caused to fall or rise by any means. It can, however, only be used 
when the blood has been made nop-coagulable by hirudin, as: was done 
in the present series of experiments. 


Fig. 5. Mercury compensator. A. Voit washing flask, half filled with mercury in the 
lower part and with blood in the upper part. 3B. Bulb half filled with mercury and 
capable of being fixed at various heights. The flask 4 is immersed in water at body 
temperature. 

It consists in a Voit’s washing flask, of about 100 c.c. capacity for a 
cat or rabbit, connected by thick-walled rubber tubing to a mercury 
reservoir. The tube from the top of the flask is in connection by 
rubber tubing to a cannula inserted in the abdominal aorta or other 
large artery. In use, this latter tube and the cannula are filled with 
warm physiological saline solution. The flask is at first full of mercury 
and is immersed in water at body temperature. The clip, which was 
previously placed on the artery, is removed and the height of the 
reservoir adjusted until the flask remains half full of blood. If the 
arterial pressure is too much lowered by this withdrawal of blood, 
saline can be run into a vein to replace it. The mode of operation of 
the device will be obvious. When the arterial pressure falls, blood 
runs into the circulation from the flask, and if the pressure rises the 
opposite will take place. It is advisable, if the experiment admits of 


1 Proc. 4th Internat. Physiol. Congress. This Journal, xxm. Supplement, p. 14. 1898. 
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it, to remove the abdominal viscera in order to lessen the capacity of 
the vascular system ; in this case, comparatively little blood will enter 
or leave the system, even when large changes of pressure are to be 
compensated. In practice, the compensation is not complete, as the 
tracings given later in this paper will show. Although very little 
blood enters or leaves the flask in ordinary reflexes, there is a slight 
change in the difference of level of the mercury in the two vessels, but, 
as this level is, at the beginning, adjusted to the widest parts of the 
vessels, the change produced by the escape of a comparatively large 
amount of blood will not be great and apparently insufficient to account 
for the change in arterial pressure which actually occurs, notwithstanding 
the use of the compensator. As Prof. Starling has suggested to me, 
it is, no doubt, possible to improve the apparatus still further by an 
application of Mariotte bottles, so that there is no change at all in the 
mereury pressure as blood enters or leaves the reservoir. In its 
present form, however, it has answered the purpose for which it was 
fitted up. 

A possible objection to the use of this device in cases where a fall 
_ of blood-pressure occurs may be thought to lie in the possibility of 
changes taking place in the blood of the reservoir, changes resulting 
in the production of substances acting as vaso-dilators, In order to 
test this, I have attempted to cause blood from this reservoir to enter 
the circulation by withdrawing blood from an artery. A difficulty 
met with consisted in the localseaction of the gland arterioles to sudden 
diminution of pressure. If blood was allowed to escape too rapidly 
there was a certain small increase of blood-flow from the gland 
following the sudden fall of pressure. That this was not due to the 
inflow of blood from the reservoir was shown by the fact that it still 
took place when the experiment was repeated with the compensator 
disconnected. If the escape of blood was regulated so that the rate 
of fall of blood-pressure was not greater than that in the depressor 
reflex the effect was not seen. 

When this compensator is connected with the abdominal aorta of an 
eviscerated rabbit, in which the rate of flow through the submaxillary 
gland is being recorded, it is a simple matter to investigate the effect 
of mere changes in general arterial pressure. For this purpose it is 
only necessary to raise or lower the mercury bulb to the desired extent. 
Fig. 6 shows how great is the effect of such changes on the blood-flow 
through the submaxillary gland of the rabbit. It is doubtful whether, 
under normal conditions, the result would be the same, since the gland 
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vessels are probably more or less damaged owing to manipulation and 
exposure in the preparation of the vein. 

In Fig. 7 is shown the effect of exciting the central end of the 
depressor nerve in the same animal from which Fig. 6 was obtained. There 
is a small fall of pressure, although the compensator was in action. Not- 


Fig. 6. Effect of increased arterial pressure on the rate of flow. At A the mercury bulb 
was raised so that the pressure was increased from 80 mm, Hg to 96 mm. Hg. Zero 
is 23 mm. below level of time-marker. Time in 10-second intervals. 


Fig. 7. Effect of excitation of the depressor nerve on the rate of flow through the sub- 
maxillary gland of the rabbit, Vaso-constrictors cut. Zero of blood-pressure at level 
of excitation marker. Time in 2-second intervals, 


gly A similar experiment to that of Fig. 7, except that a small vein from muscle was 
connection with the gland vein. Time in 10 secs. Zero of blood-pressure 29 mm. 
below excitation marker. : 
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withstanding this, there is a marked acceleration of the blood-flow. The 
result would have been more obvious if the smoked paper had been 
moving at a slower rate, but, if the intervals between the drops are 
measured, it will be found that there is a diminution of this interval 
from one drop in 21 secs. to one in 14°8 secs., in other words, there was 
an increase of 42°/, in the velocity of the blood-flow. In this experiment 
the small muscle vein, opening into the gland vein, was ligatured. 
Fig. 8 is a similar experiment in which this muscle vein was not tied. 
It will be noticed that the mean quantity of blood issuing from the 
cannula is greater and that, as would be expected, the increase on 
exciting the depressor is not so marked as in the previous case. 

It is possible to see this excitation of chorda dilator fibres on 
excitation of the depressor ever. without the use of the compensator, 
but it is usually shown only for the first two or three drops after the 
commencement of the fall of pressure. The diminution in rate of 
flow, due directly to the fall of pressure, soon overpowers the effect due 
to the vascular dilatation. ; 

The results of the experiments given in the preceding pages show, 
I think, that, in addition to the generally assumed action of the 
depressor nerve, viz. that it produces fall of blood-pressure by inhibition 
of tone of the vaso-constrictor centre, there is also an excitation of 
vaso-dilator nerves, 

Support is thus afforded to the hypothesis with regard to the nature 
of vascular reflexes in general put forward by me in 1893', and 
elaborated, with additional experimental evidence, in the paper in the 
Proceedings of the Royal Society, cited above. According to this view, 
& process tikes place in these reflexes akin to that described by 
Sherrington in the case of reflexes to voluntary muscle and called by 
him “ reciprocal innervation.” In depressor reflexes, along with inhibi- 
tion of constrictor tone, there is an excitation of vaso-dilator nerves. 
In press@ reflexes, in which excitation of vaso-constrictors has alone 
been taken into consideration by previous observers, there is also 
inhibition of tone in the centre or centres of the vaso-dilator nerves. 
If the theory of reciprocal innervation applies to the vascular reflexes 
as obtained in the case of the salivary gland, it is to be expected that, 
in pressor reflexes, inhibition of dilator tone would be found to occur. 
This would be shown by a diminution of blood-flow, on exciting a 
pressor nerve, even when the vaso-constrictors are cut off by section of 


1 This Journal, x1v. p. 817. 1898. 
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the sympathetic. I have, in fact, seen, in the rabbit, a marked slowing 
of the blood-flow to result from the excitation of the central end of the 
vagus, when this nerve did not act as a depressor. This slowing lasted 
some time after the end of the excitation. Unless the chorda contains 
vaso-constrictor fibres, for which there is no evidence, this effect could 
only be produced by inhibition of tone in the centres of the chorda 
dilators. The question is still under investigation. Of course, the 
relative part played by excitation and inhibition, in any particular reflex, 
depends upon the state of the centres with respect to tonic excitation 
at the time in question, 

A few remarks on the method used for recording the blood-flow are 
advisable. The automatic tracing of drops has the advantage over 
Barcroft’s method of reading the rate of movement along a calibrated 
tube, in so far that it allows prolonged observations to be made. For 
accurate measurements, the drop method is not so reliable as that of 


Barcroft, since there is no guaranteo that the drops are of constant — 


size. If the blood, in passing through the gland, undergoes any change 
in surfaee-tension, upon which the size of the drops depends, these drops 
will, of course, alter their dimensions. In some experiments, it has 
seemed to me that the drops became larger when the rate of flow 
increased, inasmuch as the amplitude of the excursion of the recording 
lever became greater. . This would imply an increase of surface-tension, 
other things remaining constant. If the size of the drops actually 
became greater, the real change in the lumen of the arterioles was 
greater than that deduced from the increase in the number of drops 
per unit time. Special experiments are, however, necessary in order to 
decide whether any change in surface-tension does occur. 

The fact that excitation of the vaso-dilator fibres of the chorda 
tympani takes place in depressor reflexes has some bearing upon the 
view of Barcroft' as to the nature of these fibres. If vascular dilatation 
in the submaxillary gland be due only to the action of metabolites 
produced in the secreting cells upon the muscular coat of the arterioles, 
it would seem rather extraordinary that the organism should find it 
necessary to excite gland cells in order to assist in the production of a 
fall of blood-pressure. It appears, on the whole, more reasonable to 
suppose that nerve-fibres exist which act directly on the smooth muscle 
cell of the arterial wall and produce inhibition through their connection 
with a special receptive substance. Such nerves are, indeed, known to 


+ Proc. Physiol. Soc. in this Journal, xxxy. xxx. 1907 and xxxvi. liii. 1907-8. 
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exist, for example, the inhibition of the retractor penis by the pelvic 
nerves. In all probability, metabolites produced in cell-activity act as 


vaso-dilator substances, but this fact does not imply the absence of 
vaso-dilator nerves. 


Fig. 9. Effect of ether on the rate of blood-flow through the submaxillary gland. At 
A the amount of ether vapour in the respired air was increased. Time in 10-second 


intervals, 

An incidental observation made in the course of these experiments 
is, perhaps, worth recording. Fig. 9 shows that the well-known saliva- 
tion produced by ether vapour is accompanied by increased blood-flow 
through the gland. The chorda was intact, so that no information is 
given as to whether the action is central or peripheral. 


(The expenses of this research were defrayed by a Grant from the Royal Society.) 
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A CRITICISM OF THE NITRO MOLYBDATE METHOD 
FOR THE DETECTION OF PHOSPHORUS IN 


TISSUES. By G. G. NASMITH, Pu.D. anp E. FIDLAR, 


B.A, M.B. 


December 1906, F. H. Scott” found ‘that 
nitric acid, acting on the nuclein of ox testis, separated the phosphorus 
in a form which he stated could not be precipitated by the ammonium 
magnesium citrate mixture and therefore could not be inorganic phos- 
phate. This phosphorus, following the procedure of Bayliss and 
Plimmer®, he termed “soluble phosphorus.” By the Neumann® 
method, Scott estimated that 12°5°/, nitric acid split off five-sixths 
of the total amount of phosphorus in 20 hours in this form. 

As the Lilienfeldt-Monti-Macallum “>: method depends on the 
formation of phosphates by mineral acids from nucleins and nucleic 
acid, the combining of this freed orthophosphate with ammonium 
molybdate in acid solution, and the reduction of the resulting am- 
monium phospho-molybdate in situ, it seemed worth while to repeat 
the work, the more especially as one of us, who used this reaction some 
years ago, had obtained results which he was unable to interpret. If, 
as Scott asserts, nitric acid does not free phosphorus, as orthophos- 
phates, then the whole reaction must fall to the ground. 

We considered it more advisable to use purified nucleo-protein 
prepared from ox testis, rather than the ground tissue used by Scott. 
Our material was prepared as follows: the minced testis was dissolved 
in 1°/, sodium hydrate solution, filtered, precipitated with excess of 
acetic acid, washed by decantation, and this process of solution and 
precipitation repeated four times. The precipitate was then exhausted 
with boiling alcohol to remove the greater part of the fat, lecithin and 
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cholesterin, dehydrated with absolute alcohol and dried over sulphuric 
acid. It was then extracted in the Soxhlet apparatus for 40 hours 
with absolute alcohol, and finally with chloroform for 14 hours. This 
extraction method of Rosenfeldt has been shown by Gliken® to 
remove more fat and three times as much phosphorus as ether does 
alone. This preparation gave only 0°73°/, phosphorus by Neumann’s 
method. 

Another preparation was made by digesting the gland-substance 
with pepsin and hydrochloric acid for 48 hours, filtering, dissolving in 
1*/, sodium hydrate solution, and precipitating with acetic acid; the 
precipitate was washed and redissolved in fresh sodium hydrate solution 
from which it was reprecipitated as before. This preparation contained 
1°318°*/, of phosphorus. 

We found, as Scott stated, that phosphorus is rapidly split off from 
nucleins by nitric acid. Stronger acids appear to cause a more rapid 
separation of the phosphorus at first, but if sufficient time is allowed to 
elapse with weaker acids all the phosphorus may be obtained. The 
following table will serve to illustrate this point. 


Percentage of Phosphorus split off by 
Time 12°6%, HNO, 30°, HNO, 50%, HNO, 
10 mins. 1°95 86°89 */, 


24 hours 87°64%, 60°26 90°, 
48 hours 61°30°/, 730°, 
72 hours 100°, 


We have made no attempt to determine the rate of separation 
of the phosphorus, but the above table shows that all the phosphorus 
may be very readily and completely removed from nucleins by nitric acid. 

When the nitric acid solutions of the phosphorus from nucleins were 
tested for inorganic phosphate by the magnesium citrate method, no 
precipitate could be obtained. The ammonium nitro-molybdate solution 
did not give crystals of ammonium phospho-molybdate, but did throw 
down a yellow flocculent precipitate which appeared amorphous. This 
precipitate, however, was immediately reduced by phenyl-hydrazine 
hydrochloride to a blue-green colour. That this protein-like precipitate 
contained phosphorus was easily shown by filtering it off and treating 
it according to the Neumann method. 
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On discussing the matter with Professor A. B. Macalium, he stated 
that the ammonium phospho-molybdate was present in the yellow 
floceulent precipitate, but that it was prevented from forming typical 
crystals by the presence of colloid substances, He said that he had 
obtained the characteristic crystals by removing the protein material 
through solution in ammonia and reprecipitation by nitric acid and the 
nitro-molybdate reagent. We found this to be the case. If the 
ammoniacal solution be made barely acid, the resultant precipitate 
filtered off, and the filtrate treated with more nitric acid and the 
nitro-molybdate solution, the yellow precipitate, which settles out, may 
contain imperfect crystals of ammonium-phospho-molybdate or yellow 
spheroids. By again dissolving this precipitate in ammonia and re- 
precipitating with nitric acid and the nitro-molybdate solution, the 
characteristic crystals may ultimately be obtained. We have shown 
that on adding the nitro-molybdate solution to a mixture of dissolved 
egg-albumin and sodium phosphate, the same yellow flocculent pre- 
cipitate formed, in which there was no appearance whatever of the 
crystalline ammonium phospho-molybdate, and yet on removing the 
greater part of the egg-albumin, as above described, the characteristic 
precipitate could be obtained. 

Professor Macallum also suggested that the reason we had failed 
to obtain a precipitate with the magnesium citrate mixture was that 
too small a quantity of nuclein had been used. When two gram lots 
instead of half gram lots were used, we have been able to obtain the 
ammonium-magnesium phosphate precipitate. For example, 1926 
gram of the nuclein from testis were left standing with 30°/, nitric 
acid at room temperature for five days, filtered, and the filtrate made 
strongly alkaline with ammonia and precipitated with the magnesium 
citrate mixture. We obtained a crystalline precipitate of ammonium- 
magnesium phosphate from which we calculated that 15°94°/, of the 
total amount of phosphorus present had been freed as inorganic 
phosphate. 

We find, therefore, in agreement with Macallum, and contrary to 


the view of Scott, that cold nitric acid does split off inorganic phos- 


phates from nucleins and nucleic acids. Since Osborne and Harris, 
Schmiedeberg™ and others had previously shown that boiling dilute 
acids free phosphorus from nucleins and nucleic acids in the form of 
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inorganic phosphate, it seemed only reasonable to expect that in the 
cold the action would be merely a retarded one. 

All our results on the nuclein of testis, we have been able to confirm 
on purified yeast nuclein containing 1°4°/, of phosphorus. It should be 
remarked that these are examples of true nucleins. Macallum has 
shown that paranucleins fail to yield orthophosphate with nitric acid; 
hence this whole class of phosphorus-holding compounds are excluded 


the reaction. 


In the light of this work we expected that ammonium phospho- ‘ 
molybdate would surely be formed in sections at the expense of the 7 
phosphorus in the true nucleins, and whether present in this masked . 
form or not it would be readily reduced by phenyl-hydrazine hydro- ; 
chloride. We had noticed that phosphorus-free egg-albumin with the 
nitro-molybdate solution gave a yellow flocculent precipitate which 
readily reduced with pbenyl-hydrazine hydrochloride, as did the phos- 
phorus-holding precipitate. The blue-green colour in sections therefore 
might not necessarily be due to phosphorus at all, but perhaps, as 
Bensley® claimed, to the reduction of adsorbed compounds of molyb- 
denum. This led us to an investigation of Bensley’s paper in which 
he criticised the reaction from an entirely different standpoint. 

Bensley, who has used this reaction extensively, found he could 
obtain the reduction in sections in which he knew that phosphorus did 
not exist. The reduction was often more marked in the peripheral 
portions of the section, and even appeared in connective tissue fibrils 
where one never expected to find it. He then found that sections 
soaked in soluble molybdic acid were also readily reduced, and that sg 
mineral acids produced a remarkable increase in the capacity of the 
tissues for combining with molybdie acid and thereby increasing the 
depth of colour on reduction. As a final test of the reaction in tissues, 
he employed three series of sections. Into one series he introduced 
artificially ammonium phospho-molybdate, the second series he passed 
through the nitro-molybdate reagent, and the third through a solution 
of molybdie acid in 10°/, nitric acid. He now placed sections from the 
three series into solutions of phenyl-hydrazine hydrochloride containing 
varying strengths of nitric acid, and found that the reaction in the 
molybdie acid section and the nitro-molybdate section was entirely 
abolished by a strength of nitric acid-which only retarded the reduction 
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in the phospho-molybdate section. Moreover, it was very significant 

that the reaction disappeared in the molybdic acid section and the 

nitro-molybdate section with the same strength of acid, from which 

| one would infer that molybdic acid was the chief factor in the produc- 

. i tion of the colour. Bensley concluded that sections after treatment 

by the nitro-molybdate solution did not yield appreciable quantities of 
phospho-molybdate, and that the reaction obtained by Macallum’s 
procedure was entirely due to formation of compounds of molybdic 
acid with the protein of the tissues. 

: Heine™, in a paper on molybdic acid as a microscopical reagent, 
states his views that phosphorus-holding compounds, among them 
nucleic acids and nucleins as well as many protein bodies (Eweiss- 
kérper), give ammonium molybdate in nitric acid solution, compounds 
which in neutral or nitric acid solution are insoluble and are coloured 
by reduction blue, green or brown. Macallum says that Heine’s _ 
results should not have been interpreted as Heine interpreted them, 
but rather that the stannous chloride which he used as »® reducing 
agent did not distinguish between the molybdate and phospho- ) 
molybdate compounds. The modification made by Macallum in the | 
reaction was the substitution of phenyl-hydrazine hydrochloride for 
stannous chloride, zine chloride or pyrogallol. This reducing agent he 
claimed differentiated between molybdic compounds and phospho- : 
molybdie compounds. 


date in the cold, but also quickly reduces soluble molybdic acid. Some 
e compounds of molybdenum are not readily reduced to the blue oxide in 
| the cold by it, but are instantly when warmed. } 
| As the conclusive test must always be the section, we used sections 
from which we tried to completely extract the phosphorus. Sections 
of carcinoma of the liver, 10 microns in thickness, were fastened to 
glass slides by placing them in a water bath for eight hours at 100°C. 
The paraffin was dissolved off by chloroform, the slides placed in a 
Soxhlet apparatus, and the fat and lecithin extracted. The slides were 
then cut into pieces, each holding one section, and preserved for use. ~~ 
These sections showed the presence of inorganic phosphates, but when 
previously extracted for 30 minutes in very dilute ammonia they gave 
slight indication of such. When, after this treatment, they were placed 
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in the nitro-molybdate solution for four hours and reduced, they gave 
a general blue-green reaction throughout the whole of the section even 
in the connective tissue fibrils. 

In order to remove all the phosphorus in the section, some were 
extracted with 30°/, nitric acid at 375°C. for varying periods of 
15 minutes to 48 hours, since we concluded from our previous experi- 
ments that all the phosphorus would be removed from such thin 
sections in a very short time. Sections, so treated, were then placed 
in the nitro-molybdate solution for varying periods of time, and reduced 
with 2°/, phenyl-hydrazine hydrochloride. They invariably showed the 
same general blue-green colour that sections did which had not been 
extracted with 30°/, nitric acid, the depth of colour depending on the 
length of time that they had been in the nitro-molybdate solution. 
There seemed to be only two possible explanations of this reaction, 
namely, that phosphorus was still present in the section, and that 
it was everywhere present, or that compounds of molybdenum other 
than ammonium phospho-molybdate were being reduced, as Bensley 
believed. We have been able to show that the latter is the case by 
putting sections, previously extracted for four and eight hours with 
30°/, nitric acid, in the nitro-molybdate solution and adding to it a 
few drops of ammonia, followed by a few drops of nitric acid. This 
changed the condition of the molybdic acid in the solution in such a 
way that it was rapidly taken up by the section. Such sections 
removed within one minute and placed in the phenyl-hydrazine hydro- 
chloride solution showed the same general blue-green reaction as 
sections treated in the nitro-molybdate solution for 24 hours. In this 
case there could be no question as to the formation of ammonium 
phospho-molybdate. We are therefore compelled to agree with 
Bensley that the reduction of compounds of molybdenum is the 
cause of the blue-green colour which appears in the sections, and that 
it is not due to the presence of phosphorus at all. 
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ON THE CONTRACTION OF MUSCLE, CHIEFLY In 
RELATION TO THE PRESENCE OF “ RECEPTIVE” 
SUBSTANCES. Part III. The reaction of frog’s muscle 
to nicotine after denervation. By J, N. LANGLEY, ScD., 


F.R.S., Professor of Physiology in the University of Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


I HAVE shown in an earlier paper that in the fowl, degeneration of the 


nerve-endings in the muscle does not essentially alter the tonic 
contraction caused by nicotine’. I have also briefly mentioned that 
the same is the case in the frog. 

In the frog, nicotine causes two forms of muscular contraction, 
viz. quick fibrillar contraction, more or less conducted throughout 
the fibres, and slow tonic contraction conducted (in most muscles at 
any rate) little or not at all’. I have consequently taken note of the 
effect of denervation on both twitching and tonic contraction. , 

The following mode of procedure was common to all the experiments. 
The freshly caught frog was washed and anzsthetised by placing in 
ether (2 p.c. in water), the nerve was cut, using antiseptic precautions, 
the small wound sewn up and the frog placed in a tank through part 
of which a slow stream of water ran; the tank was in a cool cellar and 
out of bright light‘. 

After a certain number of days, the frog was killed by destroying 
the brain and spinal cord, and the condition of the nerves and muscles 
investigated. 

Different nerves were cut in different experiments, The following 
table gives the nerve which was cut, the number of days after nerve 
section at which the investigation took place, and the muscle (if any) 
which was examined by the graphic method. 

1 This Journal, p. 874. 1905. 

2 Seventh Intern. Congress of Physiol. (Arch. Intern. du Physiol. v. p. 115. 1907). 


3 Of. Part I. This Journal, xxxvi. p. 340. 1907. 
4 Notwithstanding the care taken, the death rate was considerable. 
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1. Sciatic (below r. prof. ant.) and 
nervus descendens communis 
2. Inferior maxillary nerve 
8. Inferior maxillary nerve 
4. Sciatic (below r. prof. ant.) and 
. Radial just below its separation 
from the ulnar 
6. Brachial just above division into 
ulnar and radial 
7. Seiatic and nervus profandus 
posterior 


8. Brachial above division into 
ulnar and radial 


9. Brachial above division into 
ulnar and radial 


Flexor carpi radialis 

Gastrocnemins (Fig. 4) 
Flexor carpi radialis (Fig. 2) 
Flexor carpi radialis (Fig. 3) 


Gastrocnemius x 
Peroneus with anti- 
cus longus 


In the first four experiments the nerves were cut in July 1907, in the remainder in 
March 1908. 


PS 


Exp. 10. Sciatic below r. prof. posterior 


The results of the several experiments may conveniently be grouped 
under the heads of the chief points it was desired to determine. 

The irritability and conductivity of the cut nerve. The nerve was 
tied and severed. 5 to 10 mm. above the original point of section, and 
stimulated with weak tetanising currents. The nerve branches (if any) 
given off centrally of the neurome were cut and stimulated. The nerve 
was then isolated farther and stimulated above and below the neurome. 
The effect of tying and of stimulation was in each case noted. 

In most cases this investigation of the state of the nerve was made 
immediately after killing the frog, but in Exp. 4 the sartorius was 
first cut out in order to take a graphic record of the effect of nicotine 
(section of the nerve caused no twitch); and in some cases, the effect 
of punctiform application of ‘01 to ‘1 p.c. nicotine on two or three 
muscles was first investigated. In all cases there was complete 
absence of irritability and conductivity in the cut nerve or nerves. 

The shortest period allowed in these experiments was 26 days. 
In my earlier experiments’ I found that the irritability disappeared 
in three weeks or less, and we may infer that the same was the case 
in the later ones. It is generally stated that in summer frogs the 


1 Proc. Roy. Soc. B, 78, p. 179. 1906. 
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loss of irritability in a nerve after section occurs in about three weeks, 
and in winter frogs in five to six weeks, but I have not found reference 
to the original papers on which the statement is based. Bethe? 
describes loss of irritability in the nerves of winter frogs in 20 to 
22 days, and recently Ftihner* has found the effect of the sciatic 
in Rana esculenta to disappear in summer in about three weeks. 

Tonic contraction produced by punctiform application of 01 to ‘1 p.c. 
nicotine, In each experiment the excess of fluid on some of the 
muscles was removed with blotting paper, and small drops of dilute 
nicotine placed in a row on a emall bundle of fibres, the effect of 
each drop being observed under a dissecting microscope. The effect 
produced was compared with that on the corresponding muscles of the 
opposite side. 

In all cases local tonic contraction* was obtained from the 
denervated muscles with nicotine ‘01 or ‘1 pc. The observations were 
made at various times after death. In a few cases some of the muscles 
gave little or no reaction to ‘01 p.c. nicotine, though (in another band 
of fibres) giving tonic contraction with ‘1 p.c. How far the occasional 
absence of effect with 01 p.c. nicotine was due to delay in the examin- 
ation of the muscles, or to exposure of them, I am unable to say. 
In one case (Exp. 7) ‘1 p.c. nicotine applied in a series of drops to the 
outer edge of the sartorius caused tonic contraction in nearly all spots 
except at the ends. As a rule ‘1 p.c, nicotine causes tonic contraction 
in a few spots only. This was the only case in which there was any 
indication of increased irritability. In some muscles of the same 
experiment, and in the other experiments, there was no certain 
difference between the effect on the denervated and the normal 
side ; so far as there was any difference it indicated less irritability on 
the denervated side. In no case did nicotine up to ‘1 p.c. cause tonic 
contraction in the ends of the muscles which normally have no nerve- 

ings; 1 p.c. nicotine had an apparently normal effect. By the 
graphic method (cf. below) a change in the response to dilute nicotine 
was found. 

Fibrillar twitching produced by 01 to ‘1 p.c. nicotine. In each 
experiment the effect of nicotine on fibrillar twitching was observed 
by the punctiform method. With regard to these, there are one or 
two points to which attention must first be called. 

1 Alig. Anat. u. Physiol. (Leipzig), p. 161. 1903. 


2 Curarestudien (Leipzig). 1907. 
Cf. Part p. 349. This Journal, xxxvi. 1907. 
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We have seen (in Part I. pp. 352, 355) that the twitchings produced 
by nicotine vary greatly according to the condition of the frog; they 
are comparatively slight in torpid animals, and diminish after death. 
Further, that in conditions which lower irritability, the twitchings 
normally caused by nicotine cease to be produced much sooner than 


- the tonic contraction. Since the mere keeping of the frogs in 


laboratory conditions tends to make them sluggish, there is a more 
or less marked decrease in the number of twitchings produced by 
nicotine, and an increase in the minimal percentage required to 
produce them, in the muscles on the intact side. In experiments in 
which the nerve is stimulated before application of nicotine to the 
muscles, the delay and exposure tend also to reduce or abolish the 
twitchings. Consequently negative results in particular muscles are 
of very little importance, provided positive results are obtained in 
some. 

In the experiments, twitching was produced by ‘01 or ‘1 pc, 
nicotine in every experiment except Exp. 5, in which the muscles 
were examined some time after death. In several cases, however, 
‘01 p.c. was ineffective, and ‘1 p.c. was required to produce twitching, 
and in some muscle of several experiments no twitching was produced. 
Moreover, in many muscles, the twitching, instead of being repeated 
several times, was a single protracted twitch (cf. Part I. p. 350) 
immediately following the application of nicotine. The twitchings 
were less frequent in the denervated than in the non-denervated 
muscles of the opposite side, but they were distinctly less in the 
non-denervated muscles than in those of freshly caught frogs. The 
results show that fibrillar contraction may be produced in a muscle 
at any time up to 100 days (at least) after nerve section. They 
show also, I think, that there is, in consequence of the nerve section, 
a decrease in the number of twitchings produced, and an increase in the 
percentage of nicotine required to produce them. This suggests that 
in still later stages of denervation, twitching might not occur, but only 
tonic contraction on applying nicotine, just as is the case in long 


exposed muscles. 


In one or two cases a denervated lower limb or muscle was placed in 0°6 p.c. 
sodium chloride, - Hardly any twitchings were observed, but the muscles were not 
watched continuously. On removing from the salt solution, blotting and applying 
small drops of ‘1 p.c. nicotine, twitchings were obtained. 

In Exp. 4 punotiform application of 1 p.c. eserine to the denervated gastrocnemius 
caused a slight tonic contraction and a few weak twitchings much as in the normal 
muscle. The gastrocnemius was placed in 0°6 p.c. NaCl till next morning; on then 
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pare eg ‘l p.c, nicotine there were twitchings which continued for one to two 

u 

In Exp. 10 the degree of twitching on applying nicotine varied greatly in different 
muscles ; on the tarsalis posticus it lasted nearly a minute. 

Atrophic changes in the muscles. The muscles of the normal and 
denervated sides were not weighed, but no difference between them was 
seen, even in Exp. 10, «.e. 100 days after nerve section. There was some 
wasting of all the muscles, varying in different cases, no doubt in 
consequence of lack of adequate use, and absence of normal food. 
The result does not exclude the possibility of a difference existing when 
the non-denervated muscle is in better nutritive conditions ; but sv far 
as it goes, it confirms an observation made by Bidder’; in a frog 
five months after section of the sciatic, he found no difference in the 
appearance of the muscles on the two sides, 


GRAPHIC RECORDS. 


{ 


Fig. 1. Reduced ths. Sartorius 86 days after section of the nerve supplying the 
muscle, Load 2} grms. Time in seconds, omitting each tenth. (In the piece cut 
out, nicotine *25 p.c. was applied for 1 min., it caused a trace of rise in the curve. 
The effect of stimulation was slightly decreased. Nicotine 5 p.c. was then applied 
for 1 min., this caused a rise of 34 mm. with an after-fall, the effect of stimulation 
was much decreased. The 1 p.c. nicotine was applied 104 mins. after the first 
nicotine. 

fluid, (The muscle was then immersed in curari “25 p.c., the fall in the curve 
continued and fell below the base line, the effect of stimulation, c=4, was slightly 
greater than before.) 


Description of the figures. The nicotine was poured with a pipette 
into the vessel containing the muscle ; the rise of the marker shows the 
beginning, the fall of the marker the end, of the period of filling. 


1 Reichert and du Bois Reymond’s Arch. p. 67. 1867. 


3 
>. 
t 
or, 
4 
a 
q 
4 
4 
> 


J. N. LANGLEY. 


jvedei 0} 1049] ssordep ‘ ‘yooys gq pus ge 
10; 
“UIDIP 47898 04 1849] ssordep ‘ping yo uny—Fy 
‘Suypueosep 
"9008 QT pvory 


- 
is 
é a 
| 
| 
! 
be 
> 
¢ | 
> 
] 
M 
4 | 
} 
f 


NICOTINE ON DENERVATED MUSCLB. 291. 


After a minute or more the vessel was emptied by means of a tap, the 
time of this is shown by a single stroke of the marker. 

The induction shocks used in stimulating the muscle were sent 
through it from end to end ; when both make and break shocks were used, 
the rise of the marker indicates the inake, the fall indicates the break. 
The position of the secondary coil in cms. is marked on the tracing 
(c=8 ete.); with the coil at 10cm. the shocks were rather weak though 
distinctly felt on the tongue. j~ 

Sartorius. The contraction of the sartorius muscle was taken 
36 days after section of the sciatic nerve (Exp. 4). The tracing of the 
effect of “1 p.c. and of 1 pc. nicotine is given in Fig. 1. The only 
certain difference from the normal effect is that the contraction with 
dilute nicotine (‘1 p.c.) fell more rapidly than normal from its maximum 
height, ¢.e. the contraction was less prolonged. 

Flexor carpi radialis, The tracing of the flexor carpi radialis taken 
50 days after section of the brachial nerve (Exp. 8) is shown in Fig. 2. 
The effect of direct electrical stimulation was less than normal, 
especially perhaps that produced by single induction shocks. The 
duration of the nicotine contraction was also less than normal; ‘1 p.c. 
nicotine after 01 p.c. had as usual no effect, but 1 p.c. caused a slight 
rise in the curve followed by the slow rigor rise. 

The same features were shown by the muscle taken 69 days after 
nerve section (Exp. 9). In this case the muscles of the two sides were 
treated as nearly as possible in the same way and the tracings taken 
simultaneously. The part of the tracings showing the effect of nicotine 
is given in Fig. 3. It will be seen from the figure that the relaxation — 
sets in sooner and is more rapid in the denervated than in the 
innervated muscle; in the latter the relaxation is quicker than it is 
normally in the fresh frog (cf. Part IIL.), this I take to be due to some 
wasting of the muscle caused by the confinement of the frog. 

Before adding nicotine, the muscle was stimulated ; induction shocks gave much less 
. effect on the cut side, the galvanic current a somewhat less effect, and a less duration of 
| after-contracture with the descending current. After nicotine the denervated muscle 
t gave as before a less effect with induction shocks and with the galvanic current. The 
same was the case with the tetanising current, and the after-contracture was much less 
on the denervated side. The muscles were left in Ringer’s fluid till the following day ; 
the reduction of irritability was less for the tetanising curreut than for the other forms of 
| stimulation. The difference in response in the two sides to the tetanising current was as 
before. 
The height of the contraction was less than normal in the denervated 
muscles both in Exp. 8 and Exp. 9. In Exp. 8, this was I think partly 
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caused by some exposure of the muscle whilst trying the effect of nerve 
stimulation previous to cutting it out of the body. 

In Exp. 6 (nerve cut 43 days), the effect of nicotine ‘0005 p.c. for 
10 mins. was tried, there was a slight contraction and the effect of 
subsequent solutions (01 and ‘1 p.c.) was small. The results were not 
distinguishable with certainty from those given by the normal muscle’. 


Fig. 8. Reduced ¥,ths. Flexor carpi radialis. Brachial nerve cut on one side 69 days. 
The upper tracing is that of the muscle on the intact side, the lower tracing is that 
of the muscle on the ont side. Load 3 grms. Time in 10 secs. 


Gastroonemius. ‘Tracings of the gastrocnemius were taken 26 days 
(Exp. 1), 45 days (Exp. 7) and 100 days (Exp. 10) after section of the 
sciatic, As I have said in Part II. (p. 211) the myogram of the nicotine 
contraction of the gastrocnemius has a more or less prolonged plateau 
' unless the muscle is small and the load more than 5 to 7 grms. In 
my denervation experiments the muscle was of medium size and the 
load light, viz. in Exps. 1 and 7, 3 grms., and in Exp. 10 4 grms., so 
that if the muscle had remained normal there would be no fall in the 
curve for some minutes. In fact, however, the fall began almost at 
once in all three experiments, it was less in Exp. 1 than in Exp. 7, and 
less in Exp, 7 than in Exp. 10. 


In Exp, 1 the gastrocnemius was cut out of the body an hour and a half after death, 
and no doubt in consequence of this the rise of the curve with ‘01 p.c. nicotine 
(2 minutes) was less than normal. Subsequent immersion in 05 and in ‘1 p.c. nicotine 
had no effect, “25 p.c. caused a trace of rise, ‘5 p.c. a slow gradual rise and 1 p.c. a 
quicker one. A fairly good contraction was obtained with the break induction coil, the 


secondary coil being at 8 cm., and this was little, if at all, affected until the muscle was 
placed in ‘25 p.c. nicotine. 


? Cf. Part Il. p. 185, This Journal, xxxvn. 1908. 
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In Exps. 7 and 10, the 
muscle of the intact side was 
taken for comparison, the con- 
ditions being made as nearly 
as possible the same. The 
effects of stimulation and of 


nicotine are given in Figs. 3_ 


and 4. It will be seen from 
these that the response to 
induction shocks is less, and 
the nicotine contraction briefer 
in the denervated than in the 
innervated muscle, but that 
otherwise their reaction is 
much the same. 

Peroneus and tibialis anticus 
longus. The two muscles (Exp. 
10, sciatic cut 100 days) were 
taken together to form one 
muscle preparation. The pre- 
paration on each side was 
placed for half-an-hour in ‘1 p.c. 
curari made up in Ringer's 
fluid. A tracing was then 
taken of the effect of immers- 
ing the muscles successively 
in nicotine ‘01, ‘1 and 1 pe, 
each for two minutes. The 
result was almost identical on 
the two sides. No contraction 
was obtained with ‘01 or with 
‘1 p.c.; and only a very slight 
slow rise with 1 p.c. nicotine. 
The response to stimulation 
was throughout much greater 
on the non-denervated than 
on the denervated muscle. I 
need not comment here on the 
effect of curari, as I shall deal 
with this at a later time. 


The upper tracing is of the non-denervated, the lower of 


the denervated muscle. D—depress lever to base line. S—stop drum for 44 minutes. 


Sciatic cut on one side 45 days. 


Gastrocnemius. 


Fig. 4. 
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REMARKS. 


We may now consider the bearing of these experiments and of 
some of those given in Parts I. and IL., upon the question of the point 
of action of nicotine. 

In the first place it is to be remembered that in the leg muscles, 
and in most other muscles of the frog, there is no protoplasmic mass or 
‘sole’ at the nerve-ending as there is in the fowl. There is nothing 
which can, with any plausibility, be taken as a structure not forming 
a part either of the nerve or of the muscle. The action of nicotine 
must then in the frog be either on the nerve-endings or on the muscle. 
Farther the similarity of the action of nicotine in the frog and in the 
fowl shows that the point of action must be the same in the two cases, 
and this affords a strong presumption that in the animals in which the 
end-plate form of nerve-ending is present, the ‘sole,’ if acted on at all, 
is only acted on as a sarcoplasmic mass of the muscle. 

As regards the behaviour of the normal muscle described in Parts I. 
and II. it is clear that whilst there is strong evidence that the tonic 
contraction is produced by a combination of nicotine with the muscle 
substance, there is relatively little evidence that the twitchings are 
produced in the same way. 

Such evidence as to the tonic contraction, is its local nature, the 
increasing number of spots in a small muscle bundle which are caused 
to contract as the strength of the nicotine is increased, the similar 
contraction with 1 p.c. nicotine in portions of the fibres undoubtedly 
free from nerve-endings, the long persistence of the contraction, and 
the prolonged change in the physical condition in the arm’ muscles after 
brief immersion in dilute nicotine although the muscle is washed with 
Ringer's fluid. 

On the other hand, twitching, so far as I have seen, is only obtained 
from the region of the nerve-ending, it is the natural form of the 
response to chemical stimulation of the nerves, it ceases to be obtainable 
after exposure of the muscle at a time when the muscle still gives tonic 
contraction with nicotine and still readily contracts on direct electrical 
stimulation. There are however two points in the behaviour of non- 
denervated muscle which suggest doubt as to an action on nerve- 
endings; first the great difference in the extent and character of the 
twitchings in different muscles (cf. Part I. p. 352) and secondly the fact 
that a muscle may give no twitching on punctiform application of 
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nicotine although good contraction can be obtained by stimulating the 
nerve, | 

Nevertheless the facts given in this paper show I think that the 
twitchings as well as the tonic contraction are caused by a combination 
of nicotine with the muscle substance. 

We have seen that the behaviour of muscle to nicotine is not altered 
in essential features by section of its nerve for any time up to 100 days’. 
If nicotine produces its effect by an action on the nerve-endings, it can 
only do it in two ways, (1) by setting up in the hypolemmal fibres nerve 
impulses which cause the muscle to contract, (2) by setting free from 
the hypolemmal fibres some chemical substance which acts directly on 
the muscle. 

Now after section of the nerve’, the nerve-endings become granular 
as do the axis cylinders from which they arise; and they are more or 
less absorbed.. It is true that the extent of the absorption has not 
been definitely determined, but there can be no doubt that the nerve- 
endings cease to conduct nerve impulses. On the theory that nicotine 
sets up nerve impulses, there must, then, be a very great reduction, if 
not an abolition of its effect after degeneration of the nerve-endings. 
This we have seen does not occur. It is true that the twitchings 
are markedly less than in the freshly caught frog, but they are also 
markedly less on simply keeping a frog in the laboratory. In the 
several experiments the extent of the twitching seemed to depend 
much more upon the condition of the frog than upon the nerve 
section. 


The other theory, viz. that nicotine sets free some chemical sub- 


stance from the nerve-endings, requires that the substance in them 
with which nicotine combines remains in but slightly diminished 
amount during the disintegration of the nerve-endings. It requires 
also that in the normal nerve-ending, the substance should be set free 
from it without giving rise to nerve impulses, for as we have seen, if 
nerve impulses were set up, the effect of nicotine would be greatly 


1 I have seen local tonic contraction and twitchings to be caused by nicotine at 
various times from about 8—18 days after nerve section, i.c. before the nerve irritability 
had disappeared. The observations were made two years ago, and as the result seemed to 
show nothing new, I did not keep notes of them. 

* A histological examination was made in most of these experiments. The nerve- 
endings first became granular and then ceased to stain with methylene blue. In the 
sartorius the nerve plexus on the branches of the main artery underwent the same 
changes, but the plexus on the upper artery remained normal. An account of the 
changes in nerve-endings and nerve-fibres will be given in a later paper. 
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decreased by nerve section. Both of these necessities of the theory are 
so improbable that it can I think be safely dismissed. 

It follows then that nicotine does not act on the nerve-endings, but 
directly on the muscle. In the muscle there are two substances to take 
into account, the sarcoplasm and the differentiated contractile substance. 
As regards the tonic contraction, the facts I have mentioned above as 
to the behaviour of the normal frog’s muscle seem to me to be best 
explained by the view that nicotine combines with the contractile 
substance of the muscle. And it seems to me simpler to suppose that 
the same is the case with the twitchings. Now it is clear that the 
substance which on combination with nicotine gives rise to twitchings is 
different from that which on combination gives rise to tonic contraction. 
My theory of the action is in general on the lines of Ehrlich’s theory 
of immunity. I take it that the contractile molecule has a number of 
‘receptive’ or side-chain radicles, and that nicotine by combining with 
one of these causes tonic contraction, and by combining with another, 
causes twitching, and that the latter radicle is a much less stable part 
of the molecule. 

It is quite conceivable that during atrophy or other considerable 
metabolic change in the muscle, a receptive radicle should be split off 
from the contractile molecule, or be otherwise combined with it. In 
such case the muscle would cease to react to certain chemical substances. 
We have seen that frog’s muscle up to 100 days after nerve section, does 
not undergo so considerable a change as regards its radicles which 
combine with nicotine, though it undergoes some change, but we have 
also seen that the atrophic changes are slight, since the muscles do not 
in 100 days obviously diminish in size as compared with those of the 
other limb. 

In the mammal, the atrophic changes after nerve section are 
considerable and rapid. In about three weeks, the muscles may dwindle 
by a third or more of their substance, It is not surprising, then, that 
Magnus? should find an absence of fibrillar contractions in the 
gastrocnemius on injecting physostigmine into a rabbit the sciatic of 
which had been cut 26 days earlier. 

A large number of alkaloids and of other chemical substances were 
formerly regarded as having a special action on nerve-endings. It has 
been shown by other observers as well as by myself that typical 
examples of these continue to exert their action on nerve cells, gland 


1 Arch. f. d. ges. Physiol. ort. p. 99. 1908. 
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cells, unstriated and.striated muscle after nerve section and at a time 
when the nerve-endings must be regarded as no longer functional. 
I have in consequence put forward the theory that in no case do 
chemical substances have a special action on nerve-endings. By this I 
mean that there is no qualitative difference in their action on the 
terminal branches of the nerve-endings and on the axis cylinders from 
which these branches arise ; a quantitative difference may be expected 
to occur in consequence of a difference of physical surroundings. In 
order to test this theory I propose to consider in subsequent papers the 
action of typical poisons supposed to act on nerve-endings. Recently 
two accounts have been published which support the view of a specific 
action on nerve-endings, one by Fiihner’ and the other by Magnus’, 
A brief examination of their results will I think show that the 
explanation they give of them accords very ill with the known facts of 
nerve degeneration, and introduces entirely unintelligible differences 
into the process of degeneration in different cases. 

Fiihner cut the sciatic nerve in frogs and observed the effect of 
guanidine chloride upon the gastrocnemius and on the foot muscles at 
various periods up to 64 days. | 

In the gastrocnemius he found no fibrillar twitching with guanidine 
11 and 13 days after nerve section. From this he draws the conclusion 
that the nerve-endings had degenerated. The irritability of the sciatic 
to electrical stimulation was however practically the same on the two 
sides for about 20 days, so that he has to assume (1) that the nerve- 
endings degenerate on the surface of the muscle in about half the 
time they take in the interior, and (2) that guanidine only stimulates 
the superficial nerve fibres notwithstanding that the muscle is immersed 
in guanidine solution. 

On the 16th day (one case) and on the 18th day, minimal twitchings 
were obtained in the gastrocnemius. Fitihner* considers that the effect 
was probably due to a regeneration of the nerve-endings, and that the 
slight twitchings obtained on the 45th to 52nd day, and the good 
twitchings obtained on the 64th day indicated a progressive regeneration, 
alihough electrical stimulation of the sciatic was without effect from the 

1 Curarestudien (Leipzig). 1907. * Arch, f. d, ges. Physiol. oxxun. p. 99. 1908. 

* Fihner mentions as a possibility that the twitchings obtained by guanidine from 
the 16th day onwards may be due to a pathological alteration of the muscle. If it is 
allowed that muscle after degeneration of the nerve-endings can give the characteristic 
guanidine contraction, it would obviously require very good evidence to show that the 


contractions produced when nerve-endings are present are not also produced by a direct 
action on the muscle, 


4 
* 
fi 
> 
. 
« 


NICOTINE ON DENERVATED MUSCLE. 299 


22nd day onward. According to this view, regeneration begins in some 
nerve-endings several days before degeneration is complete in others. 
Further, since the foot muscles gave no twitchings with guanidine from 
the 22nd day onwards, the course of regeneration must be completely 
different in these muscles and in the gastrocnemius. Lastly, as Fithner 
points out, the view involves the further hypothesis that the nerve- 
endings regenerate without any connection with the central nervous 
system. 

It is unnecessary to dwell on the improbabilty which this picture of 
the degeneration and regeneration presents. It may however be noted 
that in the sartorius treated with methylene blue, disintegration of the 
superficial nerve-endings obviously goes on for about 6 weeks, and that 
there is no sign of newly formed nerve-endings in 69 days. 

Magnus’ experiments were with physostigmine’ and on the 
gastrocnemius of the rabbit after section of the sciatic. He found that 
7, 14 and 18 days after section of the sciatic, physostigmine caused 
fibrillar contractions and these were apparently stronger than normal. 
After 27 and 34 days, physostigmine was without effect. Magnus’ 
view is that the nerve-endings retain their irritability for some period 
longer than 18 and less than 27 days, although as is known stimulation 
of the nerve ceases to have an effect in two to three days. 

Thus the same line of argument which, applied to the guanidine 
reaction in the frog, leads to the conclusion that the regeneration of 
nerve-endings is incredibly quick; applied to the physostigmine reaction 
in the rabbit leads to the conclusion that the degeneration of the nerve- 
endings is incredibly slow. 

Further on the same line of argument we have to conclude that 
although the nerve-endings in the gastrocnemius do not degenerate in 
eighteen days, those of the short ciliary nerves to the sphincter of the 
pupil degenerate in about two days’. 

1 The fibrillar contractions caused by physostigmine and by nicotine are clearly 
not produced by an action on the same substance. The violent twitchings caused by 
physostigmine in decentralised rabbit’s muscle are not caused by nicotine. On the other 
hand, punctiform application of physostigmine to the muscles of the frog is much less 
effective than that of nicotine in causing twitching. The difference I take to be due to 
the presence of different receptive radicles. 

2 Of. Anderson. This Journal, xxxm. p. 422. 1905. Anderson’s experiments 
are the only ones which seem to me to afford serious ground for considering that a 
poison (physostigmine) has a special action on nerve-endings. But there are several 
points in the experiments not easy to understand, and the long duration of the normal 
physostigmine contraction is much more consistent with an action on muscle than with 
an action on nerve-endings. 
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SUMMARY. 


At all times up to 100 days after nerve section, punctiform applica- 
tion of nicotine 01 or ‘1 p.c. causes local tonic contraction in the 
denervated muscles in approximately the normal manner. By the 
graphic method the shortening of the muscle caused by immersion in 
dilute nicotine is shown to be of less duration than normal in the 
sartorius, gastrocnemius and flexor carpi radialis. 

At all times up to 100 days after nerve section punctiform application 
of dilute nicotine may cause fibrillar twitching in the denervated 
muscles. This however appears to be less and to require a somewhat 
stronger solution of nicotine than in the innervated musples>~No 
decrease in the size of the muscles was found to be caused by denervation. 

Nicotine then produces its effects by a direct action-on muscle, and 
not by an action on nerve-endings; nor by an action on any special 
structure between the nerve and the muscle, for none exists in the frog. 

So far the evidence is I think fairly conclusive. Beyond this, as I 
have said in earlier Papers, we have to do with hypotheses. There is 
no decisive evidence as to the constituent of the muscle on which 
nicotine acts. The theory I suggest is that the contractile molecule of 
the muscle fibre has a number of receptive (or side-chain) radicles and 
that dilute nicotine combines with one of these causing tonic contraction 
and with another causing fibrillar twitching. 

Curari prevents dilute nicotine from causing contraction in the 
denervated as well as in the normal muscle. 
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1. 


Srvc the efferent nerves supplying the respiratory muscles leave the 
cerebral axis over a long region it is reasonable to suppose there would 
be a centre which regulates and controls the activities of these various 
motor centres. Also as there are inspiratory and expiratory systems of 
muscles it is probable there are inspiratory and expiratory parts of the 
governing centre. Although no one may be said to have exactly 
localised such governing centres the work of many shows they are some- 
where in the medulla, i.e. close to the termination of the vagi nerves. 
Whether we believe in one or several respiratory centres, or whether 
we believe that such centre or centres are entirely automatic, does not 
much matter from our point of view, as every one is agreed that such 
centre or centres are modified in their activity by extraneous impulses. 
These extraneous impulses to the centre may be through the blood or 

1 This paper has been presented as a thesis for the D.Sc. degree of the University of 
London, 


The expenses of this work has been defrayed by grants from the British Medical 
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through various afferent nerves, In other words the ordinary movements 
of respiration are more or less reflex acts, and being such, one must 
consider them in the light of our knowledge of other reflexes and move- 
ments which are carried out by voluntary muscles. 

The respiratory centre like all other centres in the nervous system 
may, as stated above, be influenced either by impulses reaching it 
along afferent nerves or by alterations in the chemical constitution of 
the blood. Although numerous works on different problems have 
appeared very few have considered together the nervous and the 
chemical factors of respiration, and tried to determine the parts played 
by each in the production and carrying out of normal respiration as 
well as the adaptation of them to the needs of the organism. As the 
aim of respiration is to supply oxygen to and remove carbon dioxide 
from the organism it is not surprising that some of the earliest views 
on the cause of respiration were founded on the presence of these 
gases in the blood. Curiously enough the earliest investigators put 
the active substance down to excesé of carbon dioxide in the blood 
(Marshall Hall, Valentin, Traube), but this was subsequently 
replaced in the minds of scientific men by the idea of lack of oxygen 
(Rosenthal, Pfltiger). This latter view may still claim to have some 
adherents (Vervorn’), but it may be considered as definitely proved 
that in normal respiration lack of oxygen plays no part. An admirable 
review of the state of knowledge about the respiratory mechanism up 
to 1885 will be found in the paper of Miescher*. He shows not only 
from a review of previous work but also from his own that carbon 
dioxide is the substance which normally excites respiration. This view 
has been confirmed and extended especially by Haldane and Priestley’ 
who showed that respiration is so regulated as to keep the alveolar (and 
therefore blood) tension of carbon dioxide practically constant for the 
same individual. This is true for a great range of altitude and also for 
inhalation of air containing an increased amount of carbon dioxide. A 
similar conclusion as to the use of carbon dioxide in normal respiration 
has been reached by Zuntz‘, The earlier results of Geppert and 
Zuntz* made it probable that under certain conditions other substances 


1 Arch. f. Anat. u, Phys,, Phys. Abth. p. 65. 1903. 


* Ibid. p. 855. 1885. See also the supplement to this work given by Dr Jaquet in 
Miescher’s collected works, m. p. 289. 


* This Journal, xxxn. p. 225. 1905. 


* Arch. f. Anat, u. Phys., Phys, Abth. Suppl. p. 416. 1905. 
Pfliiger’s Archiv, xia. p, 189. 
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besides carbon dioxide act as excitants, and this view seems to be 
confirmed by the observations of Zuntz and his workers made in 
high altitudes and quoted in his paper. It should be mentioned that 
similar observations to those of Haldane and Zuntz had already been 
made by Speck’. He, however, believes that the increased respirations 
are due to sensory stimulation of various nerves from a local dyspnea 
and not to a direct action on the centre. From the writings of some of 
these authors one would be led to believe that the chemical composition 
of the blood was the sole factor in the regulation of respiration. This 
is partly due to certain of these authors not distinguishing between 
regulation in the sense of a properly carried out movement and 
regulation in the sense of the adaptation of the movements to the 
needs of the organism. However it will be shown later that an 
animal whose vagi have been divided does not perform its respirations 
in @ normal manner even when stimulated by an excess of carbon 
dioxide. Such animals do not respond normally to an increase of 
carbon dioxide in inspired air as has been stated by some of the 
above mentioned writers. 

On the other hand it has long been known that impulses reaching 
the centre along afferent nerves modify the respiratory movements. 
From the work of many (see Marckwald*, Lewadowsky’) we know 
that the only nerves which have a continuous effect on the centre are 
the vagi. The work of Hering and Breuer‘ showed that these impulses 
originated in the lungs themselves. The problem as to how the vagi 
are excited and the character of the impulses they carry to the centre 
have caused a great deal of discussion and will be discussed later in this 
paper. Here it may be only remarked that the whole cause of the 
respiratory movements is ascribed by some to impulses reaching the 
centre along nerves. If we go back to the first movement after birth 
this may be true, as such observations as those recorded by Pfliiger’, 
by Zuntz and Cohnstein‘ show that in the fotus the respiratory 
centre is extremely inactive to changes in the gaseous composition of 
the blood. 

In this paper the function of the vagi in respiration has been 
investigated keeping in view the gaseous condition of the blood. 


1 Speck, C. Physiologie des menschlichen Athmens, Leipzig. 1892. 

2 Zeit. f. Biol. xxm. p. 149. 1887. 

8 Arch. f. Anat. u. Phys., Phys. Abth. pp. 195 and 483. 1896. 

4 Sitzungsb. Wiener Akad. ivi. Abth, 2, p. 909. 1868. 

5 Pfliiger’s Archiv, 1. p. 61. 1868. 6 Ibid. xum. p. 303. 1888. 
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9. THE EFFECT OF CHANGES IN THE GASEOUS COMPOSITION OF THE 
INSPIRED AIR BEFORE AND AFTER SECTION OF THE VAGI. 


As no one seems to have observed one important point in the 
reaction of animals whose vagi have been cut to an increase of carbon 
dioxide or to a decrease of oxygen in the inspired air we may give our 
results first and then give some confirmatory results from the frag- 
mentary work of others. The results in this section were obtained on 
rabbits. The animals were anwsthetized with ether and chioral hydrate 
(4—4 gm. per k.) by subcutaneous injection. After the initial prepara- 
tions the ether was discontinued so that all these results were obtained 
on chloralized animals. The movements of respiration were recorded 


from the diaphragm by Head’s’ method. The movements of the slip | 


were recorded by attaching it to a piston working against a spring. 
The movements of the piston were transmitted by air to a piston recorder. 
In all the records given for the rabbit, inspiration due to the contrac- 
tion of the diaphragm is a down stroke and expiration an up stroke. 
The gas whose effect was to be studied was put in bags of goldbeaters’ 
skin which had been oiled. The gas was analysed at the time of use, 
a Haldane’s apparatus being used. In these experiments the tracheal 
cannula was provided with inspiratory and expiratory valves made of 
rabbit gut. In certain cases the volume of air breathed was also 
recorded. This was done by a modified Gad’s xroplethysmograph. 
Like all those observers who have worked with carbon dioxide we 
find that normal animals accommodate themselves to an increase of that 
gas in the inspired air both by an increased depth of respiration and by 
an increased rhythm. After section of the vagi, however, we find that 
while _there is always an increase in the depth of respiration the 
rhythm remains practically unaltered if percentage of carbon dioxide be 
not above 6—7 °/,, but above that percentage there is usually a decrease of 
rhythm. Fig. 1 may be considered as the typical response of an animal 
with vagi intact to an increase of carbon dioxide in the inspired air. 
It is seen that the animal accommodates itself both by an increased 
depth, %.e. more air at every breath, and also by an increased rhythm. 
Fig. 2 may be taken as a typical tracing of the effect on an animal 
with divided vagi of a small percentage (4°/,) of carbon dioxide in the 
inspired air, It is seen there is an increased depth of respiration but 


1 This Journal, x. p. 1. 1889. 
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the rhythm is unaltered. Before the vagi had been divided this same 
percentage of carbon dioxide had caused an increase of rhythm of from 
29 to 36 per minute and of height of contraction of the diaphragm of 


p Fig. 1. Upper line tracing of diaphragm slip. Lower tracing carotid blood-pressure. 
During the first period indicated on signal line the animal breathed 9-6°/, CO, in air, 
and during the second period 10°/, CO, but with 38°/,0,. Time tracings every two 
seconds. Scale millimetres of blood-pressure. 


Fig. 2. Same rabbit as Fig. 1 was obtained from. Vagi divided. During indicated 
period CO, 4°/, in air was given. 

from 5 to 14 mm. Fig. 3 shows the effect of a larger percentage of 

carbon dioxide. It is seen that during the dyspnoea the rhythm actually 

decreases. This tracing is not from the same animal as used for 

tracings 1 and 2. These tracings show the rapid onset of the carbon 
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dioxide dyspnea and also the gradual recovery from the same. Fig. 1 
also shows there is normally a considerable degree of tone in the 
diaphragm. Section of the vagi interferes with this tone and one does 
not then get an increased lengthening of the diaphragm as well as an 
increased contraction. Figs. 1 and 3 show that the effect is due to an 
excess of carbon dioxide and not to a diminution of oxygen. In these 
cases (Fig. 1 and Fig. 3) the animal was breathing an excess of oxygen 
as well as excess of carbon dioxide. The figures also show that with 
divided vagi the recovery from carbon dioxide dyspnea is slower than 
with intact 


Fig. 8. Effect of 10°6 */, CO, and 28°38 */, O, on rabbit with vagi divided. The gas 
was given between the arrows. Zero line of pressure 82 mm. below bottom of 
tracing. Time two seconds. 


As illustrating the difference in the effect of an increase of carbon 
dioxide in the inspired air on animals before and after section of the 
vagi, the protocol of one experiment may be given. 


Exp. Rabbit 825k. 14 gms. chloral hydrate.. Ether. Cannula in trachea, diaphragm 
slip prepared. Ether removed. 


2°6 °/, CO, in air for 62 seconds. Increase of rhythm from 42 to 52 per min. Increased 
height of contraction of diaphragm slip 15 to 19 mm. 

4°8 °/, CO, im air for 68 seconds. The rhythm increased from 42 to 57 per min. 
the height of contraction of slip from 18 to 194 mm. ei 2g 

8-4 °/, OO, in air for 84 seconds increased the rhythm from 46 to 72 min 

ute 

the height of contraction of the diaphragm from 16 to 27 mm. sa en 

One vagus was then cut. 


2°6 °/, CO, for 52 seconds increased the rhythm from height 
of contraction from 16 to 21 mm. 


4-2 °/, CO, for 58 seconds increased the rhythm from minute-and the height 
of contraction from 19 to 27 mm. Cae a 


84°, CO, for 48 seconds increased the rhythm from minute height 
of contraction from 19 to 48 mm. vases — 


The second vagus was then divided. 
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2°6°%/, OO, inoreased the rhythm only from 87 to 88 per minute while the height of 
contraction increased from 11 to 22 mm. 


4°2°/, CO, caused no alteration of rhythm (38 per minute) but the height of contraction 
increased from 12 to 28 mm. 


8-4 */, CO, decreased the rhythm from 88 to 34 per minute, while the height of contrac- 
tion of the slip increased from 12 to 45 mm. 


Although the animals breathed these mixtures usually for less than 
. a minute the rhythm is given in so many per minute. To obtain these 
10 second periods were taken and the numbers of respirations multiplied 
by 6. Thus, in the case of the effect of the 26°/, carbon dioxide on 
the normal animal one finds the numbers during 10 second periods 
increase as follows : 


«» Normal rhythm 42 per min. 
ist 10 seconds of CO, the number of respirations was 7}=43 per min. 


2nd 10 ” ” ” ” ” ” 74 = 45 ” 
Srd 10 ” ” ” ” ” in 8} =49 ” 
Last 10 ” ” ” ” ” ” 84 =52 ” 


The numbers quoted in the above protocol are for the last 10 seconds 
of the time of inhalation of the gas. 

These points come out very clearly if we tabulate the results 
obtained from the different animals. In order to get a better basis for 
comparison the rhythm after 30 seconds inhalation of the gases has 
been taken. After half a minute the animals, in most cases, have 
accommodated themselves to the gas and not much further alteration 
is observed either in the rhythm or height. The rhythm for the 
10 seconds previous to the administration of the gas and the rhythm 
between the 30th and 40th seconds of its administration were thus 
compared, By making the previous rhythm 100 and then calculating 
the produced rhythm we have a basis for comparison of the different 
strengths of gas. Thus in the protocol quoted 26°/, increased the 
rhythm from 42 to 52 or as from 100 to 123, and 84°/, from 46 to 72 
or as from 100 to 156. 

Similar calculations were made with the height of contraction of 
the slip. The table is compiled from the results on 17 different rabbits, 
but as not more than 3 percentages were used on the same animal the 
second column gives the number of different animals on which such gas 
was used. The third column gives the number of observations as in 
some cases the same gas was tried twice or three times. The last 
columns give the actual height of contraction in millimetres of the 
contraction of the diaphragm slip produced by the dyspnoea before and 
after division of the vagi. 
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TABLE. 


Showing the results of the effect of various percentages.of CO, in the inspired 
air on 17 rabbits before and after division of the vagi. Oe Remand 
taken as the standard as explained im text. 


Vagi intact Vagi divided 


5 6 100 to 110 130 3 100 to 100 100 to 150 17 15 
6 ll » 126 » 187 5 » 104 » 810 18 21 
5 x » 129 » 200 8 » 99 » 190 15 25 
3 3 » 150 » 190 2 » 108 » 318 20 85 
» 148 » 200 8B » 83 8 -42 
8 8 » 145 » 3823 4 240 34 38 

a 4 » 156 » 290 3 » 90 yh 29 48 
2 1 +2 180 ” 560 2 ” 75 ” 208 ‘ 28 87 


It must be remembered that owing to the different sizes of the 
animals and different degrees of anesthesia, the vertical columns are 
only approximately comparable. The table shows that animals with 
intact vagi respond to an increase of carbon dioxide both by an increased 
depth and also of rhythm of respiration. Some of the incongruities of 
the table may be explained by some animals reacting, some more by 
one and others more by the other adaptive mechanism. The numbers 
increase as a rule in an orderly manner much after the table given by 
Haldane and Priestley'for man. When however the vagi have been 
divided it is seen that the adaptive power of the organism is practically 
limited to an increased depth of respiration. With smaller percentages 
of carbon dioxide this adaptive mechanism suffices, but with higher 
percentages this mechanism is not sufficient. The animal cannot 
perform the large movements necessary for complete adaptation. This 
is because, as will be explained later, the animal is deprived of one of 
the chief sources of sensory supply for the reflex movement. Respira- 
tion without the vagi is therefore more or less ataxic and breaks down, 
when a normal animal quite eastly accommodates itself to the changed 
condition. The manner in which the accommodative mechanism of 


1 This Journal, xxxu, p. 249. 
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animals deprived of their vagi breaks down with large percentages of 
carbon dioxide may also indicate that the impulses of the vagi keep 
the respiratory centre in a better condition to respond to — 
changes of the blood. 

Similar observations have been made with the Paap emcee 
method. With vagi intact there is an increase both of rhythm and 
volume breathed, but when the vagi had been divided the volume 
increased but the rhythm remained practically unaltered. A protocol 
of one experiment may be given. 

Exr. Rabbit, 8 kilos. 1} gms. chloral. Ether. A T-shaped cannula in trachea. 
One branch connected to large bottle and through this to sroplethysmograph. 


Respiration with air =80 per minute vol. of each=18¢.c. Total ventilation = 1440 

After a pause resp. withair=72 _,, =19 ,, Pet = 1868 

Respiration with 42 °/, CO,=96 =25 ,, = 2400 
” » 86 %, CO,=97 ” ” ” =29 ,, ” ” = 2818 
” ” air =72 ” ” ” =20 ,, ” ” = 1440 

Vagi divided. 

Respiration with air =45 = 29 ,, = 1305 
” »» 42 */,00,=45 ” ” ” = ” ” ” = 1530 
” ” 86°), CO,=42 ” ” ” =38 ,, ” ” = 1596 
” Gir, = 42 ” ” ” ,, ” ” = 882 


The above experiment brings out the same points as the previous 
ones where the contraction of the diaphragm slip was recorded. 

It should be mentioned that in a few cases we have observed 
considerable quickening of the rhythm as a result of carbon dioxide 
stimulation when the vagi had been divided. In one case the rhythm 
increased from 39 to 45 per minute (100 : 115) with 5°/, CO, and from 
34 to 43 per minute (100 : 126) with 66°/,CO,. In this case division 
of the vagi had caused a quickening of respiration (39 to 48 per min.) 
instead of the usual slowing, and only after half an hour had it returned 
to 39 again. In this case the wroplethysmograph was being used so it 
is not included in the table. The other case is complicated by the 
fact that besides the vagi the crura had also been divided at the level 
of the anterior corpora quadrigemina. This experiment is also not 
included in the table; also one of the rabbits used to test the effect of 
inflation on the respiration showed quickening. This is shown in 
Fig. 9. We are inclined to attribute these irregularities to the effect 
of the supra-medullary centres. Our observations show such centres 
are influenced by the condition of the blood, but the exact influence of 
these higher centres on the respiratory centre has not yet been 
sufficiently investigated. Also in one case a diminution of rhythm 
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was observed with intact vagi. In this case the animal was breathing 
extremely rapidly, 177 times per minute, The effect of 8:3°/, CO, was . 
to decrease this to 122 per minute, but as the volume of each inspira- iY 
tion increased from 9 to 23 c.c. the total volume of air inspired increased b 
from 1593 to 2806 c.c. per minute. : 

In a few cases we have studied the effects of higher percentages 
(20—40 */,) of carbon dioxide but as these soon produce a narcotic 
effect we do not think they show anything in regard to normal respira- 
tory control. 

In looking over the literature of those who have studied the effect 
of carbon dioxide on animals I find only a few references to. the effects 
on animals whose vagi have been divided. Bernstein’ in the work 
which he thought showed the inspiratory effect of oxygen want and 
the expiratory effect of excess of carbon dioxide gives tracings of these 
effects before and after division of the vagi. He used 10—25°/, CO, 
and his figures show an increase of height and rhythm before division ’ 
of the vagi, but always a decreased rhythm after they were divided. 

Gad and Rosenthal’, in the paper which showed that Bernstein’s 
theory is not correct, also give tracings of the effect of carbon dioxide. 
The figures given show an increase of rhythm both before and after 
division of the vagi, but as no time tracing is given one cannot draw 
much comparison. Geppert and Zuntz* in their exHaustive study on 
the regulation of respiration made some experiments on animals before 

_and after division of the vagi. The percentage of carbon dioxide in the 
inspired air was not measured. They unfortunately give only the : 
total amount of air breathed (table, p. 240) and not also the number of : 
respirations per minute. They found the total amount of air breathed 5 
per minute increased after division of the vagi as in a normal animal. 
Loewy‘ has also investigated this subject, but his results are complicated 
by the fact that the medulla had also been divided just above the 
respiratory centre before the vagi had been divided. He did not 
measure the percentage of CO, in the inspired air but observed in all 
cases an increase in the volume of air inspired at each inspiration. If 
one examines his table II (p. 265) one notices that after division of the i 
vagi there is little alteration in the rhythm, while before their division . 
there is usually a marked increase. Loewy also gives the data of two 
experiments in which muscular activity was used to excite the centre. 

1 Arch. f. Anat. u. Phys., Phys. Abth. p. 313. 1882. 


Ibid. Suppl. p. 248, 1886. 
* Pfliiger’s Archiv, xia. p. 189, 1888, * Ibid. xum. p. 245. 1888. 
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In both cases the medulla had been divided first. In one case before 
division the rhythm increased from 28 to 36 per minute, but after 
division the rhythm was unaltered at 4 per minute. In the second 
case after division there was an increase of from 4 to 6 per minute, 
while before it had gone from 54 to 60. Plavec' also examined the 
effect of changes in the blood gases on respiration. He says (p. 199) 
that carbon dioxide up to 10°/, in the inspired air causes the breathing 
frequency to increase very rapidly, but with high percentages (50—100) 
there is a small relative diminution. “Only in deep narcosis, or after 
division of the vagi, or on tired animals, or with a great resistance is 
the frequency not altered greatly.” The table he gives of his results 
shows, after division of the vagi, a slight increase of rhythm, but he 
gives very few cases of the results before and after division on the same 
animal. The figures in the recent paper of Hill and Flack* also 
usually show a decreased rhythm, but they were dealing with large 
percentages of carbon dioxide These are the only references to the 
effect of carbon dioxide on respiration after division of the vagi we 


Fig. 4, Upper tracing contractions of the diaphragm slip, lower tracing carotid blood- 
pressure. During the indicated period 5°/, 0, in nitrogen was inhaled. At c 
convulsions occurred. Time tracing two seconds. 


1 Pftiger’s Archiv, uxxrx. p. 195. 1900. 2 This Journal, xxxvu. p. 77. 
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have been able to find. They agree with what we found in our 
experiments, 

Similar results to those produced by an excess of carbon dioxide 
are also observed with a great diminution of oxygen. If the percentage 
of oxygen in the inspired air is decreased to about half its normal 
amount there is an increase both of rhythm and depth of respiration if 
the vagi be intact. If, however, the vagi have been divided there is an 
increase of depth of respiration but little change of rhythm. If the 
dyspnoea be very great and accompanied by largely increased amplitude 
of the muscular contractions, the rhythm usually decreases. Fig. 4 
shows the result of inhalation of 5°/, oxygen in nitrogen before division 
of the vagi, and Fig. 5 of 6*/, oxygen in nitrogen after their division. 


Fig. 5. Same rabbit as gave tracings in Fig. 4. Vagi divided. During the indicated 
period 6 °/, O, in nitrogen was inhaled. C. Convulsion. 
Apart from the effect on the rhythm and depth of respiration the 
rapidity with which the effect of oxygen want comes on and passes off 
is worthy of note. The dyspnoea caused by want of oxygen has been 
attributed by Haldane to the production of substances, such as lactic 
acid, as the result of deficient oxygenation, but it is difficult to believe 
that one could get an accumulation ‘and reoxidation of bodies such as 
lactic acid in the time indicated. 
If we summarise this part of the work we may say that the depth of 
respiration, 1.¢. the amount of air taken in at each breath, is controlled 
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by the tension of carbon dioxide in the blood. The rhythm of respira- 
tion is however controlled chiefly by impulses reaching the centre along 
the vagi. A good accommodation to changes in the inspired air can be 
made by an animal with cut vagi if the change is not very great. If, 
however, the change in the composition of the inspired air be great the 
accommodative mechanism breaks down. 


3. THE ALVEOLAR TENSION OF CARBON DIOXIDE IN CATS 
AND RABBITS. 


The work of Miescher, Miescher and Jaquet, Speck, and 
especially of Haldane and Priestley, and also of Zuntz, renders it 
extremely probable that carbon dioxide is the chief regulator of the 
amount of air breathed under normal conditions. Haldane and 
Priestley have shown that the alveolar tension of carbon dioxide 
remains practically constant for the same individual. As section of 
the vagi produces changes in the respiratory movements, I thought it 
would be interesting to see if there was any change in the alveolar 
tension of carbon dioxide as a result of division of the vagi. Not very 
much change could be expected, as it has long been known that division 
of the vagi does not alter greatly the amount of air breathed per minute. 
This was shown long ago by Rosenthal’, by Geppert and Zuntz’, 
by Loewy’, and others. Lindhagen‘, who used the cooling method 
of Gad for division of the vagi, found variations from minus 34 to 
plus 39 per cent, of the previous volume. In our own case we observed 
variations from minus 15 to plus 11 per cent. of the previous volume, 
but only a few experiments were made to test this point. Thus mere 
division of the vagi, while altering the rhythm and depth of respiration, 
does not alter greatly the total volume of air breathed. 

To obtain samples of alveolar air from animals a tracheal cannula 
provided with a short wide side tube was used. Into the side tube a tube 
provided with a three-way tap was inserted and made air-tight by a 
piece of rubber tubing over the two tubes. The tube passed right into 
the wall of the main tracheal cannula, and as its length was very short 
there was practically no dead space (less than half a c.c.). The other 
end of the tube inserted thus into the tracheal cannula was connected to 
a bulb holding about 30c.c. The bulb was provided with taps at each end 
and connected by its lower end to a mercury reservoir. By turning the 

1 Die Athembewegungen, p. 96. Berlin, 1862. ® Loe, cit, 

3 Loe. cit, 4 Skand. Archiv f. Physiol. rv. p. 296. 1898. 


>, 
A 

- 
q 
; 
t 
‘ 


314 F. H. SCOTT. 


three-way tap to the air the whole system could be filled with mercury 
except for the short piece of tube mentioned above. The tap at the 
lower end of the bulb was then closed and the mercury reservoir 
lowered. The three-way tap was then turned to the trachea. A forced 
expiration was then made by compressing the animal's thorax, the main 
tracheal cannula clipped, and the tap at the bottom of the bulb turned. 
The mercury thus flowed down and sucked the alveolar air into the 
bulb. The whole operation of obtaining a sample took 4—5 seconds. 
From cats it is easy to obtain 25—30 c.c. of alveolar air in this manner, 
and from rabbits 15—20c.c. The air in the bulb was analysed in a 
Haldane apparatus. 

The animals used in this part of the work were chiefly cats which 
were anesthetized with urethane. The tracheal cannula was inserted in 
all cases under ether. 

No definite effect in the alveolar tension of carbon dioxide could be 
made out as a result of division of the vagi because it is extremely 
difficult to determine the normal alveolar content. Great variations 
were found in the same animal during the course of an experiment. 
On investigating this point it was found that the alveolar tension of 
carbon dioxide seemed to vary with the temperature. An increase of 
the temperature was found to cause usually a rise of the alveolar CO, 
tension and a fall of temperature a diminution. This result is probably 
to be explained by the cold increasing the reflex excitability of the 
centre. 

A protocol of one experiment may be given. The —— was 
taken in the rectum. 


Exr. Cat 8 kilos. Ether, urethane 44 gms. Tracheal cannula inserted. Ether 
removed at 10.15. Vagi intact. 


Time Temperature Alveolar CO, per cent. 
10.28 37 4-68 
10.40 86°83 4°23 
10.53 36 4°37 
11.10 354 4-25 
11.30 85 4-04 
12.22 34 3-98 
1.30 33°5 8-98 
Started warming : 
1.44 33°3 4-21 
1.58 4-36 
2.30 34°3 4-44 
8.14 35 4°47 
38 4°53 
5 364 4:49 
5.15 35 4°34 
5.30 33°7 4°26 
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| It will be seen that with a rise of temperature the alveolar carbon 
| dioxide goes up and decreases with a fall of temperature. The relation- 
E: ship is well seen if we make curves of the percentage of carbon dioxide 
in the alveoli and the temperature. One of these is given. It is known 
that the effect of volatile anzsthetics is to increase the percentage of 
carbon dioxide in the alveolar air (Collingwood), but the curve shows 
that after the effect of the volatile anssthetic has passed off the 
alveolar percentage of carbon dioxide follows the temperature fairly 


accurately, especially as regards a rise of temperature. 


(0, 


\ 
4? J 


i 

4 
Fig. 6. Curve showing the relationship between the alveolar CO, percentage and the 
temperature. Continuous line temperature, broken line alveolar CO,. The numbers 
on the right indicate per cent. of CO,, on the left temperature. The numbers along 
the bottom indicate the time. 


In connection with the above it may be mentioned that those who 
have examined the influence of temperature on man have found very 
} divergent results, If the cold produced shivering the carbon dioxide 
output increased, but if there was rest the output might decrease to 
nearly a half of its original volume. Also there was no definite result 
on respiration. Sometimes there is an increased frequency, with others 
a diminution, and the same variations are observed with the total 
volume of air breathed (Loewy', Speck’). It may also be mentioned 


1 Pfliiger’s Archivo, xuvi. p. 189. 1890. Loe. cit. 
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that Haldane and Fitzgerald’ found on themselves variations from 
4°62 to 495 of alveolar carbon dioxide percentage during 12 hours and 
from 4°78 to 5°34 during 26 hours. 

Some of the variations observed in the percentage of carbonic acid 
in the alveolar air are given in the table below. 


Rabbit 1 6°3 62 5 mins. 
2 4°57 4-82 25 
9 8 5-70 4-44 30, 
Cat 1 4°62 3°87 16 ,, 
5-4 5-04 

5°64 60 ,, 
3-92 4-26 15 ,, 
a 4 3°73 415 5 ” 
4°37 85 ” 

4. APN@A. 


In the foregoing sections it has been shown that the gaseous 
exchange of animals is carried out normally before and after division 
of the vagi. Also that animals whose vagi have been divided have a 
good accommodation to all changes in the composition of inspired air 
which might be considered physiological. It is only with high per- 
centages of carbon dioxide or with greatly reduced oxygen that the 
accommodative mechanism breaks down. The problem then arises 
as to the function of the vagi in normal respiration. Some light as 
to the power of the impulses reaching the centre along the vagi may 
be gained by a study of that condition known as apnea, Apnoea was 
divided by Miescher and by Marck wald?* into three classes—apnea 
vera, apnoea vagi, and apna spuria. While there is no doubt that a 
stoppage of respiration can be brought about by these different ways, it 
is also certain they are due to different causes. Thus Haldane and 
Priestley* deny there is any, such thing as apnmwa vagi. It, of 
course, depends on what we mean by apnea. It is certain that 
respiration may be stopped (inhibited) by impulses reaching the centre 
along the vagi, and it is thererore literally an apnea. However, I 
believe very few physiologists would classify with apnoea the voluntary 
holding of the breath, and yet it is a similar phenomenon to apnoea 


? This Journal, xxx11. p. 486. 1905. 2 Loe, cit. 
* This Journal, xxxu1. p. 256. 
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bi As long as the facts are certain, however, the names do not 
er. 

We may first consider that phenomenon called apnea vagi. In 
this place we ‘will not deal with electrical stimulation of the central 
end of the vagus, as this is bound to give divergent results, since it 
contains fibres from many different sources. Here we will only deal 
with those phenomena produced by the natural excitation of the vagi, 
te. by alterations in the size of the lungs. It has long been known 
that inflation of the lungs produced a stoppage of respiration. Thus 
Einbrodt’ thought this forced more oxygen into the blood and there- 
fore respiration ceased. Thiry*, however, showed the same phenomena 
occur if one uses air diluted with hydrogen. Similarly, inflation with 
pure hydrogen will cause apnea (Head*). Since, however, carbon 


Fig. 7. Between the marks on the signal line the animal inspired 9°/, CO,. Between the 
crosses a continuous inflation of the lungs was made by pressing the bag. This tracing 
illustrates a peculiarity of the diaphragm slip sometimes observed. Some slips do not 
work satisfactorily owing probably to injury in preparation. They can always be made 
to work by producing a dyspnea. 

dioxide is now known to be more important in the phénomena of 

respiration than lack of oxygen, it is important to know the effect of 

inflation with carbon dioxide mixtures. Hering and Breuer‘ observed 

a stoppage of respiration by inflation with air vitiated by respiration. 

Haldane and Lorrain Smith* observed a stoppage at the height of 

carbon dioxide dyspnoea. We also find this to be the case. Inflation 

of the lungs at any time will lead to a stoppage of respiration if the 
vagi be intact. Fig. 7 shows the effect of inflation during a carbon 
dioxide dyspnoea, and Fig. 8 during a want of oxygen dyspnea, the 
1 Sitswngsb. Wien. Akad,, Math.-Nat. Cl., x1. Abth. 2, p. 861. 1860. 
* Quoted from Miescher. 3 Loc. cit. 


4 Siteungsb. Wien. Akad., Math.-Nat. Ol., uvm1. Abth. 2, p. 909. 1868, 
5 Journ. of Path. and Bacteriol. 1. p. 168. 1893. 
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vagi being intact in each case. It is seen that the respirations cease © Fi 
just as in a non-dyspneic animal. If, however, the animal has had its. & 
vagi divided, then inflation either with oxygen, air, carbon dioxide or 
nitrogen has no influence. Respiration continues in a normal manner 

- with unaltered rhythm. Fig. 9 shows, on the same animal from which 
Fig. 8 was obtained, the effect of inflation with air, carbon dioxide and 
nitrogen containing 5°/, oxygen. Inflation under these conditions has 
no effect on the rhythm or depth of respiration. The inhibition of 
respiration due to an over-distension of the lungs is thus a vagus effect, 
and it is important to note that the effect of inflation only lasts during 
the inflation. 


Fig. 8. Effect of inflation during an oxygen want dyspnea. Lower tracing diaphragm 
slip. Upper tracing from a tambour connected to a side tube from the tracheal 
cannula. When the opening to the air of thé tracheal cannula was closed it thus 
registered the respirations also. Between the marks the animal breathed 5°/, O, in 
nitrogen. The upper line shows the period of inflation. X and X corresponding 
points. The first large inspiration is due to a sensory reflex from the thoracic wall. 


These experiments show that the vagi can exert an influence on the | 
respiratory centre far greater than the influence of the gaseous condition : 
of the blood. In one or two cases, when apnoea was produced at the 
height of a nitrogen dyspnasa, we have killed (asphyxiated) the animals | 
without their making any respiratory efforts. This vagus inhibition is an 
extremely interesting point, for its action, as Haldane pointed out, is in 
one sense anti-physiological as regards the organism. If however we con- 
sider that the function of inhibition is a sparing one, then it is not anti- 
physiological. The production of apncea in an animal, when it requires 
all the gaseous exchange possible, shows what an influence the vagi can 
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chanism. One must believe 
that the vagi exert some spar- 
ing influence on the respira- 


_ torymechanism. The adaptive 


power of an animal with vagi 
should thus be better than one 
with divided vagi. This has 
been shown in a previous 
section. 

Under the name of apnea 
spuria are collected a number 
of other reflex inhibitions of 
respiration. The afferent chan- 
nels of these are through various 
sensory nerves other than the 
vagus. No attempt was made 
to investigate their behaviour 
under different gaseous condi- 
tions of the blood, as they do 
not come into play in normal 
respiration. 

Apnea vera differs from 
the other kinds of apnoea, in 
that it depends on the gaseous 
condition of the blood. It can 
therefore be produced before 
or after section of the vagi. 
The simplest way to produce 
this is by excessive artificial 
respiration. The first reference 
I can find to this is that of 
Rosenthal’, who believed this 
procedure caused the blood to 
be over-arterialized and there- 
fore respiration ceased. It was 
soon shown, however, that the 


1 Die Athembewegungen, p. 1658. 
Berlin, 1862. 
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given. Inflation shown on the upper tracing, A convulsion 


part of tracing. The first large rise of the upper tracing inflation with air. 
was administered. Inflation between the large rise on the upper tracing. 


Between the second pair of signals on the lower line 5 °/, 0, in nitrogen 
occurred just after the inflation 


Fig. 9. From same rabbit as fig 8. Vagi divided just before this 
Between the first pair of marks on lower signal line CO, 11°/, 
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blood of apnasic animals contains only traces of oxygen more than normal 
animals, and may contain much less before respiration commences again, 
but that the carbon dioxide has decreased to about half the normal amount 
(Hering, Ewald, Mosso*). Several papers on this point have been 
published by Gad, Knoll and Fredericq’. The best proof that the cause 
of this apnoea is the diminished carbon dioxide of the blood is furnished 
in Fredericq’s crossed circulation experiment. He could easily produce 
apnoea in the opposite animal to which the lungs were inflated, and 
found the carbon dioxide content in the blood had greatly decreased, 
while the oxygen content remained practically unaltered. Weil‘ also 
showed that if one uses air to which varying amounts of carbon dioxide 
have been added, the apnawic pause is shortened the larger the per- 
centage of carbon dioxide used. If the percentage is above that of the 
alveolar air then no apnosic pause results. 

It has long been known that during the pause of respiration 
following excessive artificial respiration that certain respiratory reflexes 
are absent or greatly diminished in strength (cf. Schenck’). Recent 
work of Mosso‘, and especially of Henderson’, seems to show that a 
certain tension of carbon dioxide must be in the nervous tissues, or 
they will not work properly. Henderson has shown that by excessive 
ventilation not only does respiration cease, but if the carbon dioxide be 
well washed out one gets a condition resembling surgical shock, in that 
all reflexes are absent. It has also long been known that excessive 
artificial respiration will prevent the spasms of strychnine poisoning 
from appearing (cf. Gies and Meltzer’). 

Our own experiments agree with those of previous workers who 
place the effective circumstance to a diminution of carbon dioxide in 
the blood. We can find no evidence that the vagi have any effect in 
this phenomena, All those cases given by Head (op. cit.), who 
worked when physiological opinion was dominated by the idea of lack 
of oxygen, may be explained by the washing out of carbon dioxide. 
Apnoea may be produced by any means which washes out the carbon 
dioxide sufficiently, either before or after division of the vagi. There 
is, however, a difference, especially in rabbits, in the ease with which 


) Pfitiger’s Archiv, yn. p. 575. 1878. 2 Arch. Ital. de Biol. xu. p. 22. 1908. 
3 Archives de Biol, xv. p. 568. 1901. 

* Arch. f. exp. Path. u. Pharm. uv. p. 285. 1906. 

Phliiger’s Archiv, uxxrx. p. 819, and uxxxu. p. 99. 1900. 

* Arch. Ital. de Biol. xu. and xux. 1904. 

7 Amer. Journ. of Physiol. xxt. p, 126. 1908. Ibid. rx. p. 1. 1908, 
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such apnea may be produced before and after division of the vagi. This 
3 has already been observed by Head. The explanation of this may be, 
Yi as pointed out before, that the impulses reaching the centre along the 
i vagi seem to keep the centre in a better condition to respond to 


Fig. 10. Lower tracing diaphragm slip, upper tracing record of artificial inflation. 
Same arrangement as for Figs. 8 and 9. Inflations with 2°5°/, CO,. Vagi intact. 
Time tracing two seconds. 


‘Fig. 11. Same arrangement and animal as for Fig. 10, Inflation with 5°/, CO, in air. 


gaseous changes in the blood. Figs. 8, 10, 11, 12, 13 and 14 show these 
effects, and show the result is due to a washing out of the carbon 
dioxide. Fig. 10 shows the effect of repeated inflation with 2°5 */, CO, 


“ 
4 
~ 
Uy 
~ 
4 
‘ 
| 
a 
= 
A 
d 
ag 
4 
4 4 
j 


322 F. H. 


and Fig. 11 with 5°/, CO, on the same animal, the vagi being intact. 
Figs. 12, 13 and 14 are after division of the vagi. Fig. 12 shows the 
effect of a few repeated ventilations with 2°5°%/, CO,. Fig. 13 shows 
the effect of (1st) ventilation with air, and (2nd) with pure oxygen. 


Fig. 12. Rabbit, vagi divided. Between the signal marks repeated ventilations with 
air containing 25°}, CO,. Time marks, two seconds. 


Fig. 18. Same rabbit as Fig. 12. Vagi divided. Between the first two marks ventilation 
with air; between the second ventilation with pure oxygen. Time two seconds. 


Fig. 14. Same rabbit as figs. 12 and 13. Vagi divided. Between the first two signals 
ventilations with nitrogen containing 5°/, 0,. Between the second signals venti- 
lations with 7*/, OO, and between the third signals ventilations again with the 
5 °/, oxygen mixture. 

It is seen there is no difference in the effect. Fig. 14 is a good example, 

showing the effect of washing out the carbon dioxide. Between the 

first two signals ventilation was made with 5°/, oxygen; between the 
second two with carbon dioxide 7°/,, and then while the animal was 
still dyspnosic with 5°/, oxygen again. It is seen that the height of 


the contraction is greatly diminished. These tracings also show that 
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. when the vagi have been divided these positive ventilations have no 


more influence than a single inflation on the rhythm of respiration 
until the apna vera is produced. The tracings given show that 
vagus apnoea never outlasts the stimulus. There is, therefore, no 
summation in the sense of Head (positive after effect). All his obser- 
vations may be explained by the washing out of carbon dioxide. 


Fig. 15. Fig. 16. 

Fig. 15. Oat. Upper tracing thoracic respiration recorded by means of tambours. 
Lower tracing carotid blood-pressure. The period of inflation is shown by the 
rise of the line of respiratory tracing. Vagi intact. 

Fig. 16. Same cat as Fig. 15. Vagi divided. 


In connection with these inflation and ventilation experiments there 
is one other point which should be mentioned. At the demonstration 
we gave of these results before the Physiological Society it was sug- 
gested that the circulatory disturbances might be the cause of these 
apneic effects. Also Hill and Flack’ say that Henderson's’ results 
quoted above might be due to circulatory changes. This is an old view 
which was long ago disproved. Thus Hering and Breuer give tracings 
of the effect on blood-pressure and respiration of inflation before and 
after section of the vagi. There is a fall of blood-pressure in both 
cases, but if the vagi had been divided there is no influence on the 
rhythm or depth of respiration. Our own results showed no effect on 
the respiration after division of the vagi from inflation, while the circu- 

1 This Journal, xxxvit. p. 86. 1908. 
2 Amer. Journ. of Physiol. xxx p. 126. 1908, 
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latory disturbances must have been nearly the same in each case. We 
_ have studied the effect of inflation on the respiration and blood-pressure 
on rabbits, cats and dogs. The effect is the same in all cases, There 
is a great fall of blood-pressure, but if the vagi have been divided no 
effect on respiration. Figs. 15 and 16 taken from a cat show this. 
We have observed falls of blood-pressure almost to zero, and no 
influence on respiration if the vagi had been divided. It should be 
mentioned that some of the results of Einbrodt* seem to show that 
before the vagi have been divided there may also be a reflex inhibition 
of the heart. | 


5. THE FUNCTION OF THE VAGI IN RESPIRATION. 


In enquiring into the use of the vagi in respiration we may obtain 
great assistance from a knowledge of other movements executed by 
voluntary muscles. Any properly regulated movement not only 
involves the use of the motor nerves, but also involves a suitable sensory 
supply. This sensory supply controls and modifies the contraction of 
the different muscles involved, and so a properly executed movement 
results. In the case of such movement, as at a joint, these sensory 
impulses come not only from the muscles themselves but also from the 
viscus moved, t.¢, the joint itself (Goldscheider’*). Unfortunately the 
relative parts played by the impulses from the joint, as distinguished 
from those of the muscles, does not seem to have been thoroughly 
investigated. Goldscheider, however, showed that for judgments of 
passive movement, and also probably for active movement, the sensa- 
tions from the joint are more important than those from the muscle. 
Many of Sherrington’s observations, on the other hand, show that 
the sensation from the muscles can give rise to coordinated reflexes 
without the joint taking part. A comparable state of affairs occurs in 
the respiratory mechanism. There are the muscles involved, and there 
is the viscus moved—the lungs. Here, as in the case of a joint, the 
afferent impulses from both sources must be involved in a properly 
executed movement. The respiratory mechanism is rather more com- 
plicated, in that there are not only motor centres, but also a governing 
centre. It is on this governing centre that the vagi act, for the 
respiratory centre is situated close to the termination of the vagi. 

* Siteungsb, Wien. Akad., Math.-Nat. Cl. xu. p. 861. 1860. 


® Arch. f. Anat, u. Physiol. p. 869. 1889. See also Sherrington, ‘‘ Muscular Sense,” 
Schifer’s Physiology, 1. 


a 
‘ 
> 
i 
7 
“4 
4 
fi 


REGULATION OF RESPIRATION. 325 


The vagi are thus the great sensory nerves to the respiratory centre, 
and their removal should affect the respiratory movements, in a similar 
manner as the removal of the greater part of the sensory supply in the 
case of a joint, ie. they should be more or less ataxic. In a previous 
section it was pointed out that the accommodation of an animal to 
changes of the inspired air entirely fails in certain cases if the vagi 
have been divided. This is because there is little or no alteration in 
the respiratory rhythm. In other words, the mechanism for the proper 
adjustment of the alternating conditions of contraction and relaxation 
of the active muscles has been interfered with. This is an ataxic 
condition, and the excessive contractions of the respiratory muscles 


after division of the vagi correspond to the excessive movements of 


an ataxic limb, A further resemblance between the afferent nerves 
of a joint and those of the lungs is that they both belong to the class 
of afferent nerves called by Head’ the nerves of deep sensibility. As 
the movements in limbs in which the other forms of sensibility are 
absent are not ataxic,@t follows that it is this deep sensibility which 
keeps the muscular movements from being ataxic. 

To what extent and in what manner afferent impulses from the 
respiratory muscles cooperate with the vagal impressions in the regula- 
tion of the respiratory movements is still unknown. In looking through 
the literature I have found only one reference to this important question 
of the sensory side of the respiratory movements, This is by Boruttau’ 
who says that impulses from the active muscles must have an influence 
on the respiratory movements. The observations however of Marck- 
wald, of Lewandowsky, and of many others show that division of the 
cord in the lower cervical region has no appreciable effect on the 
remaining respiratory movements. The cause of this is, as we know in 
the case of other muscles, the afferent impulses from the muscles act 
chiefly on the motor centre of the same or antagonistic muscles, These 
impulses would thus not affect to any extent the higher governing 
centres. The observation, however, of du Bois Reymond and 
Katzenstein?, who found after division of the vagi, also with collapsed 
lungs, that a rhythmic pressing of the thorax led to a rhythmic move- 
ment of the vocal cords, shows that afferent impressions may come 
from these lower parts. . 


1 Brain, xxvu1. p. 99. 1906. 
2 Nagel’s Handbuch der Physiologie, 1. p. 46. 
® Arch, f. Anat, u. Phys., Phys. Abth. p. 513. 1901. 
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In conclusion I desire to express my thanks to Professor Starling 
. » for his advice and for the assistance he has given me with the experi- 
ments recorded in this paper. 


SuMMARY. 


1. The respiratory mechanism may be stimulated by slight amounts — 
of carbon dioxide or great diminution of oxygen in the inspired air. In 
animals with vagi intact these lead to an increase of rhythm as well as 
to an increased depth of respiration. If the vagi have been divided the 
depth increases greatly, but the rhythm practically does not alter. 

With large changes in the composition of the inspired air the 
accommodative mechanism of animals with divided vagi breaks down. 

2. The alveolar tension of carbon dioxide usually rises with a rise 
of the animal's temperature and sinks with a fall of it. The effect of 
dividing the vagi on the alveolar tension of carbon dioxide is wary 
variable. 

3. Inflation of the lungs, even at the height of dyspnea, inhibits 5 
inspiration and leads to a relaxation of the inspiratory muscles if the 
vagi be intact. If the vagi be divided, then — has no influence 
on the respiratory movements. 

4. The effect of repeated ventilations depends on the washing out 
of carbon dioxide from the blood, thus confirming Haldane. 

5. The circulatory disturbances produced by inflation or ventila- 
tion are not the cause of the effect on respiration. 

6. The vagi, in reference to the movements of respiration, must be 
regarded in the same light as the sensory nerves of muscle. Without 
the vagi the muscular movements are excessive, and thus resemble the 
movements of an ataxic limb. 


<a 
> 
as 
4 


ON THE DEATH OF LEUCOCYTES. By H. ©. ROSS, late 
Surgeon RN. Pathologist to the Foyal Southern Hospital, 
Liverpool. 


THE object of these investigations is to ascertain, firstly, some of the 
changes which occur in leucocytes at death; secondly, to differentiate 
living from dead cells ; thirdly, to make a procedure whereby comparative 
measurements of the life of leucocytes can be made when they are 
mixed with the plasmata of different persons: so that it may be possible 
to demonstrate the effect, if any, of the plasma of a person suffering 
from an infective disease on the life of healthy cells; and again, the 
effect of the same plasma on the life of leucocytes of another person 
suffering from the same disease. 

The blood was mixed with an equal volume of a neutralized mixture 
containing 2°/, sodium citrate and ‘5*/, sodium chloride. A small 
quantity was placed on to the centre of a coverglass and then dropped 
on to agar jelly’ cqntaining different amounts of salts. The preparation 
was at once examined under the microscope and the successive changes 
noted. The room temperature was 30° C. 

We may first consider the changes occurring in the blood when 
placed on three agar mixtures which served as a standard of com- 


parison. 

Changes of blood in “standard” agar mixtures, All three mixtures 
contained 8 c.c. 2°/, agar, ‘1 c.c. 5°*/, sodium bicarbonate solution, and 
1 cc. Unna’s polychrome methylene blue (Grubler). 
addition :-— 

No. I contained 2c.c. water. 

No. II contained 2c.c, 1°5°/, solution of sodium chloride. 

No. III contained of a neutralized mixture having 15 °/, 
sodium chloride and 3°/, sodium citrate. 

The experiments made with Nos. I, II, and III, may be referred to 
as experiments 1, 2, 3 respectively. 

1 Merck’s powdered agar made up in distilled water and sterilized. 
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1. The blood had laked, and the majority of the leucocytes had 
burst. ‘Those leucocytes which were intact showed Brownian movement 
of their granules which were stained: and in a quarter of an hour their 
nuclei were stained but the cytoplasm remained unstained. No ame- 
boid movements were seen. The nuclei and granules of these cells 
remained stained for two or three hours; when, however, they burst 
their stained nuclei and granules were discharged and remained stained 
a purple colour, so that ultimately the slide contained many free and 
stained nuclei floating about under the coverglass. 

When the boiling agar was spread upon the slide the mixtures were 
quite clear though as it cooled a coloured precipitate was formed. This 
is due to the fact that though agar is very soluble in boiling Unna's 
stain, it is much less so in cold stain. 

2. The blood did not lake. Brownian movement of the granules 
occurred from the beginning and did not cease until rupture of the 
leucocyte’, which was considerably delayed. The staining of the nuclei 
was synchronous with that of the granules and occurred in about twenty 
minutes. Ameboid movement was not seen, nor did the cytoplasm 
stain. It was noticed, in contradistinction to 1, that when a cell burst, 
its nucleus lost its stain immediately. Even if a cell did not burst, its 
nucleus lost its stain after a few hours. 


3. The blood did not lake and the cells spread out, so as to make 


an excellent film for examination under the microscope. In a quarter 
of an hour the granules of the leucocytes turned red and the cells them- 
selves showed amoeboid movements which became gradually slower and 
ceased in about 14 hours. The movements consisted of the extrusion 
and retraction of pseudopodia; they were not affected by the staining of 
the granules, After the movements had ceased the nuclei turned blue, 
and in a short time became purple, The cells being further watched, it 
was seen that the stained granules lay in a field of stained cytoplasm. 
After a while the granules became huddled up with the nucleus in the 
centre of the corpuscle, and were surrounded by a halo of unstained 
cytoplasm. In about half an hour after the staining of the nucleus, the 
stained part of the cytoplasm gave up its stain, and then the nucleus 
and granules did the same until the whole cell was as unstained as it 


appeared when the slide was prepared. About the same time the red | 


corpuscles laked. Throughout, no Brownian movement of the granules 


* The word leucocyte refers to the polymorphonuclear leucocyte. 
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Of the phenomena described above we may consider at once the 
staining of the nuclei. 

Since in Exp. 3 the nuclei did not stain until the ameboid move- 
ment had ceased, it was primf facie probable that the staining of 
nucleus might be taken as a sign of the death of the cell. In order to 
test this inference, the nuclear staining of fresh cells, of cells allowed to 
die slowly, and of cells poisoned with nitro-benzol was compared in the 
following way:—Three portions of citrated agar (No. III) were taken. 
Slides were prepared from two of these; to one slide (A) a drop of fresh 
citrated blood was added, and to the other (B) a drop of citrated blood 
kept at the room temperature (30° C.) for four days. The third portion 


was mixed with nitro-benzol (‘2 oc. to 6 cc. of agar No. III), a 


slide (C) prepared from it, and a drop of fresh citrated blood placed 
on it, 

In A the result was as in Exp. 3 above, i.e. the leucocytes lived for 
14 hours and then the nuclei stained. ; 

In B the nuclei stained in half an hour, but did not stain 
deeply; the granules showed Brownian movement for a few moments 
only. 

Tn C the ameeboid movement continued for 10 minutes only, and the 
nuclei stained in half an hour. 

Since in B the cells were certainly dead, we may conclude that in 
dead cells the nuclei stain fairly rapidly ; the conclusion is confirmed by 
the fairly rapid nuclear staining in the cells poisoned and presumably 
killed by nitro-benzol. Further, since in A the nuclei did not stain 
until the ameeboid movements had ceased, I conclude that the staining of 
the nueleus may be taken, in the conditions given above, as showing that 
the cells are dead. 

Having arrived at this conclusion, we may pass on to consider 
the effect of modifying the conditions of the standard experiments. 

Action of agar alone, The agar used (Merck’s pure powdered) was 
found not to be without influence on the leucocytes, for it was noticed 
that if blood was spread upon citrated agar without stain, the cessation of 
amceboid movement was more rapid as the agar was more concentrated. 
On the other hand, the rapidity of the staining of the granules is not 
affected by the concentration of the agar, so it would appear that the 
early cessation of amceboid movement was due to some poisonous effect 
in the agar itself, although I cannot determine whether the early 
cessation of amcebdid movement is due to death or to some change in 
the surface of the jelly. A rise in temperature increases the action of 
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citrated agar, for it was found that amosboid movement was sooner 
arrested at 30°C. than at 15°C. Since, as will be shown later, heat 
facilitates the passage of certain substances into the cells, it seems 
probable that agar is poisonous. 

Alkaline salts and alkalis. The effect of increasing the amount of 
alkaline salt in the agar mixture No. III was tried; ‘5 c.c. of 5°/, sodium 
bicarbonate solution being added instead of ‘1 c.c. The nuclei stained 
in ten minutes after a very brief amaboid movement. Brownian move- 
ment occurred in some cells, but for a short time only, and when seen 
was followed almost immediately by bursting of the cells and rapid 
decolourization of the nuclei. Where Brownian movement occurred the 
cytoplasm did not stain. The leucocytes which did not burst lost their 
stain in half an hour. 

The cells which had lost their stain remained unstained notwith- 
standing that the staining power of the agar was unaltered, i.e. the 
loss of stain is due to a change taking place in the cell after death. 

The alkaline salt, then, hastens death and staining, and as a result 
of this hastens the loss of stain. It also hastens rupture. The effect is, 
no doubt, due to the alkali set free by dissociation. If stronger 
alkali, such as ammonia, be added to the agar, the cells stain and 
rupture almost before the slide can be focused. 

Neutral salts delay staining, for if more sodium citrate or sodium 
chloride are added to agar No. III, the staining will be delayed according 
to the amount of salts added. Other neutral salts, including the 
sulphate of atropine, the hydrochlorate of morphine, etc., which I have 
tried have the same effect. When an alkaline salt such as sodium 
bicarbonate is added in excess, the action is that of a neutral salt in 
spite of the alkaline reaction, «.e. the cells will not stain nor rupture, 
nor show Brownian movement, though they appear to be killed almost at 
once because they look shrivelled and dried up, and amaboid movement 
is absent. 

Heat. The preceding experiments were made at 30°C. At 15°C. 
staining of the nuclei in the alkaline agar mentioned above was slower; 
in order to obtain the same rate of staining the amount of alkaline salt 
must be doubled; 1. ‘2 c.c. of 5°*/, solution of sodium bicarbonate must 
be added to agar No. III instead of ‘l¢.c. Thus heat hastens staining. 
Heat also hastens the giving up of stain but delays rupture. 

Pressure. It was noticed that in the cells near the edge of the 
coverglass or near a bubble under it, the staining was hastened 
and the bursting delayed; the loss of stain was also delayed. The 
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effect is probably due to pressure being less than te: the 
specimen. 

Eaperiment to ascertain the action, if any, 
citrate and chloride, and alkaline sodium bicarbonate on Unna’s stain. 
Three glass tubes having the same calibre contained an equal volume 
of Unna’s stain. To A two volumes of water were added; to B two 
volumes of a solution containing 3 °/, sodium citrate, and 1°5 */, sodium 
chloride ; to C two volumes of the same solution which contained in 
addition ‘01 gramme of sodium bicarbonate. Standing the tubes on 
white paper and looking down through them showed that the depth of 
stain appeared the same in all. The same experiment was repeated 
with one series of tubes at 30° C. and another at 15° C. The 
comparison showed that heat also did not affect the depth of the 
colour. 

These experiments show that any agent which hastens staining also 
hastens death. Heat and an alkaline reaction facilitate the passage 
of stain into the cell, and if the concentration of alkali be sufficient, | 
water also passes in and the cell bursts. Sodium chloride and sodium 
citrate on the other hand (when the alkalinity of the latter is 
neutralized) appear to oppose the absorption of stain and of water, 
and will delay the entrance of stain for a long time if the stain be not 
too concentrated. In this respect sodium citrate is more effective than 
sodium chloride, and other neutral salts which I have tried all delay 


take to be dec 40 two thetors: (1) the 
extent of absorption by the cell, heat and to a greater extent alkali 
increasing endosmosis and salts decreasing it; (2) the poisonous action 
of methylene blue; the more rapidly this passes in, the quicker the 
death of the cell. 

Changes in the cytoplasm and cause of Brownian movement. We 
have seen that a Brownian movement of the granules occurs with death 
and previous to bursting of the cell, and that when it took place the 
cytoplasm did not stain. It is obvious that it can only occur in conse- 
quence of an alteration in the cytoplasm. The alteration I take to be 
due to @ liquefaction consequent on endosmosis. I have already 
mentioned in an earlier paper’ that the movement of red blood corpuscles 
into jelly is preceded by diffusing hemoglobin, and that the 
sidhedbes te hastened by heat and alkalis, and retarded by sodium 


1 Ross, H. O., Brit. Med. Journ. May 5, 1906. 
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citrate’. The colouration of the protoplasm when the leucocytes are 
treated as in Exp. 3 is very similar; possibly the cytoplasm is of jelly- 
like consistency and the stain diffuses through it in the same way as 
hemoglobin through agar; at death the jelly becomes liquid. 

This will explain all the phenomena seen. During life the stain 
diffuses through the jelly and stains the granules; if strong enough it 
causes death and staining of the nucleus. 

Liquefaction then occurs and the granules, no longer having a 
support, show the dancing movement that micrococci exhibit in a 


hanging drop preparation. 


CoNCLUSIONS. 


The various changes which occur in leucocytes when placed on agar 
containing methylene blue and various amounts of salts have been 
described above. These need not be summarised, but the chief results 
and the conclusions drawn from the phenomena may be mentioned. 

_ 1, Staining of the nucleus does not occur until death. 

2. Methylene blue tends to kill the cells though they will live for 
a considerable period if only their granules are stained ; heat and alkalis 
hasten the absorption of methylene blue and thus hastens the staining 
of the nucleus. Neutral salts delay the absorption of methylene 
blue. 

3. After death the cytoplasm becomes fluid, and this allows the 
granules to show Brownian movement ; the liquefaction of the cytoplasm 
may be brought about by the absorption of fluid. 

4. The liquefaction of the cytoplasm affords evidence of the 
death of the cell. 

5. The cytoplasm during life is a jelly, and as such will be 
coloured by stain, but, when liquid, will remain unstained. 


I am indebted to my brother, Professor Ronald Ross, for 


suggesting the mixture of stain with agar, as a method of blood 
examination. 


1 Letter to British Medical Journal, June 2, 1906. 
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ON THE VACUOLATION OF LEUCOCYTES AND THE 
LIQUEFACTION OF THEIR CYTOPLASM. By H. C. 
ROSS, late Suggeon R.N., Pathologist to the Royal Southern 
Hospital, Liverpool. 


Tats paper relates to an investigation into the nature of certain spots 
which appear in leucocytes under suitable conditions. They may be 
white or coloured according to the colour of the liquid in which the 
leucocytes are suspended. They have already been described by 
Ronald Ross, C. E. Walker and Salvin Moore?! as centrosomes. 

It will simplify description if I call these bodies, for the present, 
“red spots,” as they will appear as such in the two procedures given 
for their demonstration. 

Procedures for demonstrating red spots. Either of the two following 
methods can be employed though the spots will attain a larger size by 
the first. 

1. To some Unna’s polychrome blue add 1°/, sodium citrate and 
*5°/, sodium chloride. Mix with an equal volume of fresh blood and 
incubate at 37°C. for balf an hour. Place a drop of the mixture on to 
a slide and immediately cover. The blood should not be coagulated 
and the drop should not be larger than a pin’s head. | 

2. Dilute some Unna’s stain with an equal volume of water. 
Make a mixture having 1 cc. of the diluted stain, 2 cc. of a solution 
containing 3°/, sodium citrate and 1°5°/, sodium chloride, 3 c.c. of a 
2°/, solution of Merck’s powdered agar in water, filtered and sterilized. 
When boiling, pour a drop on to a slide and allow to set. Place a drop 
of blood on to a coverglass and invert on to the agar film. After 
incubation at 37° C. for half an hour the red spots will begin to make 
their appearance. 

Facts observed by the two above methods. The appearance of the 
red spots is always gradual; they only begin to appear some time after 
the blood has been shed and always commence as minute specks of a 


1 Ronald Ross, 0. B. Walkerand Salvin Moore. Lancet, July 27, 1907. 
PH, XXXVII. 23 
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scarlet colour, smaller than the granules of the cells, and they become 
larger as time progresses, until they may attain the size of a lobe of the 
nucleus. They may appear in al] the cells of normal blood, including 
the red cells) Their number in any cell may reach as many as twenty, 
but about five or six is the average. They are never seen in any way 
connected with the nucleus. Two or more may coalesce to form one 
large red spot. They may suddenly disperse, and this dispersal may 
occur irrespective of their size. The red spots at the periphery of the 
cells generally disperse before those more central. If a cell ruptures 
they disperse immediately. Before a red spot disperses, part of its 
circumference is surrounded by granules which are showing Brownian 
movement. 

Conditions which modify the appearance of the red spots. No. 2 was 
repeated, substituting water for stain; the same bodies were seen 
though they were white. Methylene blue was used and they were 
blue. 

Evidence that they are not morphological elements of the cells. The 
concentration of the stain in No. 2 was increased, the nuclei stained 
more rapidly. Yet the appearance of red spots was not more 
rapid. 

Some preparations of No. 1 were examined and the leucocytes were 
seen to contain red spots. The same blood was then fixed on the 
slides both by alcohol and by heat, and again stained. No spots were 
to be seen. I have never seen these bodies in fixed films. | 

Effect of heat and alkalis and salts. Preparations made by either 
formula were kept at a temperature of 15°C.; red spots either did not 
appear or were greatly delayed. 

‘l ce. of a 5°/, solution of sodium bicarbonate was added to the 
agar of No. 2. The spots appeared more rapidly. A little sodium 
phosphate had the same effect. Acids delay them. 

When the agar mixture contained excess of salts, the appearance of 
the spots was delayed, or prevented altogether, if the excess were great 
enough. This applies specially to sodium citrate, but all other salts 
tried had the same effect. 

In a former paper’, experiments were given to show that the 
diffusion into leucocytes is hastened by heat and alkalis and delayed 
by sodium citrate and other salts. I conclude that red spots are not 
morphological elements of the cells, and that they are due to diffusion. 


* H. ©. Ross. This Journal, xxxvu. p. 827. 1908. 
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They are minute droplets of liquid, which may or may not be stained, 
and which have been absorbed by the cytoplasm and remain suspended 
in it. Their shape when they attain a large size also suggests this. 

A température of 45°C., and the addition of more alkali to either 
the stain in No. 1 or to the agar in No. 2 prevented their appearance. 
Both conditions cause death, for the staining of the nucleus was 
hastened, and it has been shown in the former paper, mentioned 
above, that staining of the nucleus may be taken as a sign of death. 

Liquefaction of the cytoplasm, occurring at death, the cause of the 
dispersal of the red spots. The liquefaction of the cytoplasm and the 
sudden disappearance of the red spots were observed by repeating No. 1 
and watching the preparation for a short time The nuclei of the 
polymorphonuclear cells were deeply stained, and at first only those 
granules at the periphery of the cells showed Brownian movements, 
but those more central appeared quite fixed. The cytoplasm sur- 
rounding the granules which showed Brownian movement was colourless, 
but that more central was stained a faint pink colour. It was noticed 
that the red spots were lying only in the stained and central cytoplasm. 
(Preparations examined after quarter of an hour's incubation only, and 
before the nuclei had stained, showed red spots at the periphery of the 
cells.) As the liquefaction progressed, the peripheral ring of unstained 
cytoplasm became wider and the spots became larger until a portion 
of their circumference lay in liquefied cytoplasm. When the liquid 
nearly surrounded the spots, they suddenly disappeared. After a 
considerable period no sign of stained cytoplasm could be seen. 

Experiment to show that if death and liquefaction of the cytoplasm 
are rapidly caused, the red spots will not appear, although other conditions 
are favourable for their occurrence. No. 2 was repeated but the sodium 
citrate and sodium chloride were omitted; the concentration of the 
stain remaining as before. Owing to the absence of salts the blood 
laked and most of the leucocytes burst. In the unruptured cells, the 
granules showed Brownian movements from the outset, demonstrating 
the liquefaction of the cytoplasm. In none of the cells, however, did a 
red spot appear, although the nuclei stained deeply. 

Experiment to show that the effect of stain on solid and liquid agar 
jelly is the same as on solid and liquid cytoplasm. A drop of Unna's 
stain was allowed to run over the surface of solid agar; it stained the 
jelly in its track. The experiment was repeated with semi-diffluent 
agar when it was seen that the jelly did not remain stained. 
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ConcLusions. | 


From these observations and experiments I conclude that the spots & 
in leucocytes are, as suggested above, droplets of liquid which have [ 
been absorbed by the cells and remain suspended in the jelly-like E 
cytoplasm. When death occurs the cytoplasm liquefies, and as soon $ 
as it becomes the same consistency as the drop of liquid absorbed, g 
the latter disperses and disappears. It has been suggested that the 5B 
liquefaction is due to coagulation giving rise to clot and fluid. But 
the ultimate total disappearance of the red spots and coloured 
cytoplasm is not in accord with this view. Again, when a cell 
ruptures, all stain is instantly lost, and if rupture is caused by strong 
alkalis, all the granules are discharged. 

I submit this investigation as further evidence that the cytoplasm 
of leucocytes is a jelly which liquefies at death. 
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AN APPARATUS FOR THE PERFUSION OF THE 
ISOLATED MAMMALIAN HEART. By T. G. BRODIE, 
M.D., F.R.S. anp WINIFRED C. CULLIS, DSo. 


(From the Physiological Laboratory of the London School of 
Medicine for Women.) 


THE apparatus described in this paper was designed for use in per- 
fusion experiments upon the isolated mammalian heart. The main 
objects aimed at were (1) to keep the temperature of the heart, and of 
the saline solution as it reaches the heart, as steady and as uniform as 
possible, and (2) to obtain a form of apparatus of such small capacity 
that in changing from one solution to another only a short time should 
elapse before the new solution reached the heart in its full concentra- 
tion. The greatest difficulty was the maintaining of a constant 
temperature and though in this form of apparatus the temperature 
does not change when the rate of flow through the heart only varies 
within small limits, yet when that rate varies considerably, the tempera- 
ture variation may be as much as 3°C. When examining the action of 
various substances upon the heart it is of the utmost importance that 
the temperature should be maintained constant, as otherwise effects 
upon rate and force of heart beat which are due to temperature 
changes may be ascribed to the added substance. In any case it is 
essential to know the temperature of the fluid just as it reaches the 
heart and to prevent cooling of the surface of the heart by evaporation. 

The apparatus (Fig. 1) consists of a chamber, A, to contain the heart 
and of a tube, B, through which the perfusion fluid is carried to the 
heart. Both are enclosed in a large outer jacket, C, through which 
is kept flowing a stream of water at body temperature. The imher tube 
removed from the jacket is shown separately in Fig. 2°. 


! The apparatus is made for us by F. P. Rittershaus of Messrs Cox and Co., 47 Grays 
Inn Road, London, W.C. 
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The chamber, A, is bell shaped and is fitted into the jacketing tube, if 
C, by a ground glass joint, D. Its upper orifice is closed by a piece of ie 


indiarubber tubing of such size that the perfusion tube, B, slips through 
it easily. 
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By means of the glass handle, F, fused into the tube about halfway 
down, B can be drawn up or lowered into any desired position. To its 
lower end the heart cannula is attached by a ground joint. Its upper 
end is fitted, by a second ground joint, with a small bulb W, with two 
tubes, R and 8, sealed into it. These latter are connected by rubber 
tubing with aspirators containing the solutions to be perfused. The 
lower half of the tube, B, is nearly filled up with a thermometer, L, the 
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bulb of which projects into the heart cannula, 7. The upper half is 
almost filled with a piece of glass tubing sealed at both ends, so that 
the perfusion fluid passes in a thin layer down the tube and thus offers 
a large surface for heating purposes. Also by filling the interior of the 
tube in this way its capacity is reduced to a very small amount. 

The large outer tube, C, is kept supplied with warm water entering 
through the tube, G, and overflowing through a side tube at the top 
into a wide T-piece, VN. By raising or lowering this T-piece the level 
of the water in the jacket is adjusted. The water supply comes from 
a cold water tap but on its passage to G passes through a metal spiral 
heated by a Bunsen burner. By varying the rate of flow and the 
position of the burner the temperature of the water can be regulated 
with considerable accuracy. The upper end of the supply tube, G, is 
provided with a thermometer so that the temperature of the inflowing 
water can be seen and regulated. 

In using the apparatus, the heart cannula is removed and the tube 
B is then passed through / and pushed down until its lower end issues 
just below the level of the chamber, A. The circulation of the warmed 
water through the jacket is then started and adjusted to the proper tem- 
perature. One of the rubber tubes, S, is next attached to the aspirator 
containing the main perfusion fluid and the tube, B, filled hae fluid 
and left to warm while the heart is being prepared. 

The heart having been excised and washed well in saline so as to 
remove as much blood as possible, the cannula is tied into the aorta. 
The cannula is now held under the perfusion tube, filled with the 
warmed saline and at once attached in its proper position and the 
perfusion started. A bent pin to which a long thread is tied, is hooked 
into the apex of the heart and the perfusion tube pulled up until 
the heart lies quite within the warm chamber. When thus drawn up 
the bulb, W, lies just below the surface of the water in the outer jacket. 
The tube is held firmly in position by a clamp which fixes one arm of the 
handle, F. The heart cannula is provided with a side opening, V, on to 
which a long piece of fine rubber tubing is passed. This renders possible 
the removal of any gas bubbles that may collect in the cannula, or the 
washing out of the cannula with a stream of fluid if necessary. The 
beats of the heart are recorded by means of a simple lever attached by 
the thread previously fixed to the heart. 

All glass parts of the apparatus with which the perfusing fluid 
comes in contact, including the thermometer, are made of Jena glass. 
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| For most purposes the lower orifice of the heart chamber may be . a 
left open, but when we have wished to keep the temperature as constant : 
as possible, we have closed it by a small hemispherical cup (X, Fig. 1). - 
This is held in position by two small rubber bands passing from two 
projections on the cup to two similar supports on the lower end of the 
outer jacket. The thread from the heart and the small rubber tube 
from the heart cannula pass through two small! holes in this cup and 
the perfused liquid after dropping from the heart drains down the 
thread, which is continued below the lever to carry away the liquid# 
into a receptacle placed below. 
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THE OPTICAL ACTIVITY OF SO-CALLED “PRO- 
TAGON.” By OTTO ROSEN HEIM anp M. 
TEBB. 


(From the Physiological Laboratory, King’s College, London.) 


IN a previous communication on the “non-existence of ‘ protagon’ as 
a definite chemical compound?” we have already discussed the 
behaviour of this substance and its fractionation products in polarised 
light, taking a mixture of methyl alcohol and chloroform as a solvent. 
We then found the specific rotation as [a])*=+7°* for those 
“protagons” in which the phosphorus percentage happened to be 
approximately 1°/,, whilst those of the fractions obtained from them 
varied from +2°7° to +7°5°. This fact we considered as an additional 
proof for the composite nature of “protagon.” The particular solvent 
chosen (methyl alcohol-chloroform = 1 : 3) possessed, according to our 
experience, the greatest solvent power for these relatively insoluble 
products. We had at that time discarded pyridine as a solvent on 
account of the small solubility of “protagon” in it, and because we 
noticed a remarkable susceptibility of its solutions to changes of 
temperature, which seemed to make this solvent undesirable for 
comparative experiments. 

In a paper on “protagon” Wilson and Cramer’ made use of 
pyridine as a solvent for the purpose of establishing what they took 
to be the physical constants of “protagon,” and found the specific 
rotation of their “protagon” as [a],;*=+6°8°, ie. the same figure 


1 This Journal, xxxvi. p. 1. 1907. 

calculation of the observed rotation as [a], is not justified in the case of ‘‘ protagon,” 
(1) because it is not a definite chemical compound but a mixture, and (2) because the . 
constituent to which its optical activity is principally due does not follow the laws of 
optical activity as expressed by Biot. The calculation of the results as [a], has, 
however, been retained in this paper as convenient for the sake of comparison. 

Journal of Baper. Physiol. 1. p. 97. 1908. 
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which we had obtained for similar mixtures using alcchol-chloroform 
asa solvent. They consider the constancy of this value as a proof of 
the individuality of “ protagon” and they further state that “ protagon ” 
which had been subjected to the prolonged influence of warm or boiling 
alcohol, as usually happens during its preparation, undergoes a “decom- 
position.” As the proof for this statement, they rely on the change of 
the optical activity, which, according to them, in “decomposed” 
protagon rises to [a],”=13°3° (13:08 to 13°43). It is unfortunate 
that, probably owing to an oversight, Wilson and Cramer do not 
state whether the sign of the rotation is altered or not, but from the 
context it must be assumed that the “decomposed” protagon is also 
dextrorotatory. 

We have already mentioned incidentally in our last communication’, 
in which we brought further proofs against the individuality of 
“ protagon,” that the slight dextrorotation shown in pyridine solutions 
at 30°C., gives place on lowering of the temperature to optical inactivity 
and finally to strong levorotation. In the light of this experience with 
pyridine solutions of “protagon,” it seemed at once clear to us that 
Wilson and Cramer évidently dealt with the same phenomenon 
observed by us without, however, having noticed the changes to 
optical inactivity and subsequent levorotation. Under these circum- 
stances a detailed study of the behaviour of “ protagon” in pyridine 
seemed to be of interest. 


The behaviour of pyridine solutions of “ protagon” in polarised light, 
and its bearing on the “decomposition” theory of Wilson and 
Cramer, 


The solubility of “protagon” mixtures in pyridine is relatively small, 
and for this reason the actual readings at 30°C. in a 1 dm. tube (as used 
by Wilson and Cramer) are very low, amounting only to about 
7 to 12 minutes during the initial stages of the observation. If the 
temperature be raised the dextrorotation decreases still further, and 
at + 50° optical inactivity results. The same phenomenon is observed 
when the temperature is allowed to fall below +30°. During cooling 
a slight haze, due to partial precipitation of some constituents of the 
dissolved product, is observed, and simultaneously with the formation of 


? Proc, Physiol, Soc. Jan, 25, 1908. This Jowrnal, xxxvu. 
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a deposit, the fluid becomes strongly levorotatory, reaching a maximum’ 
of about — 3° 30’ which, calculated as {a],, amounts to about — 100° to 
— 116°, te. fifteen times the initial dextrorotation. At this stage 
(t= 20° to 21°C.) observation is usually difficult, owing to the opacity 
of the fluid. If the latter is, however, left undisturbed the settling 
of a flocculent precipitate takes place, and as this proceeds the 
levorotation gradually decreases until aftér~a period varying from 
half an hour to three hours the clear supernatant fluid shows a constant 
levorotation, persisting for many days, of —24 minutes, equal to 
{a]p>"-" =—13:3°. It will be observed that this is the same figure 
(except for the sign) which, according to Wilson and Cramer, is a 
characteristic of “decomposed” protagon. 

From the large series of observations made on “ protagons” prepared 
in different ways, the following is given as a typical one. It refers to a 
“protagon ” which was only subjected to 14 minutes’ boiling during its 
preparation, and had, according to Wilson and Cramer’s directions, 
been once recrystallised. Its phosphorus percentage was 0°99. It 


represents therefore a typical “ undecomposed” protagon aoeecing to 
Wilson and Cramer. 


TABLE 
Optical Activity of a “Protagon” in 3°), Pyridine Solution* 
Temp. Time (in Temp. Time (in 
°C. mins.) a [alo mins.) a {alo 
50 0 +0 +0 19 28 — 80 
46 | +6 | 19 — 85’ 
80 10 +10 +6°6° 19 -1° 6’ 
ts 19 ~ 1° 26’ 

80 +10 19 81 — 1° 42’ 
26°5 +8 19 ~ 2 
25°5 +7 19 2 5’ 
23°65 +5’ 19 -P 1 
22°65 +4 19 33 -8° 
215 +2 19 -8°3Y -1166° 
21 20 +0 +0 19 Left to settle 

ins to go lx 19 lh. 35 m. — 2° 35’ 
19 2h.86m, -1° 15’ 
20 -7 19 Bh. — 24’ -133° 
19°5 
19°25 -17 175 24hours — 24’ 13°8° 


1 These figures Téfer to “protagons” prepared according to Wilson and Cramer’s 
modifications of the older methods. 

* The readings were made in a Schmidt and Hwntzsch polarimeter and a 1 dm. tube 
with water-jacket. The temperature was kept constant by a flow of water and could be 


quickly varied by a special arrangement from + 15° to + 60°C. 
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No importance can be attached to the slight variation of the 
original dextrorotation from the value previously found by us for other 
“ protagons” ([a]p”=+ 6°8), as this, owing to the low concentration 
employed, corresponds to only a difference of 2 minutes in the actual 
reading, a figure within the limits of error of the apparatus. 

With slight variations dependent on the rate of temperature 
_ changes, etc. the same figures were obtained with “protagons” 
prepared by the original method of Couerbe (1834) or Gamgee’s, 
as well as by Wilson and Cramer’s modification of both. The 
“acetone-protagon” prepared by our method (loc. cit.) as well as the 
“ artificial protagons,” described by us in a former paper, showed exactly 
the same behaviour, except that in some cases the maximum of the 
levorotation reached — 6° to —7° 15’ ({a], =— 200° to — 240°). These 
variations are due, as will be shown in the following paper, to the 
varying percentage of the phosphorus constituent in the mixture. 
We found further that the results are not influenced by the time 
during which “protagons” are subjected to the action of warm or 
boiling alcohol during their preparation, a sample treated repeatedly 
with warm alcohol for over 100 hours giving the same results as one 
which had only been in contact with bot alcohol for 14 minutes (the 
time arbitrarily chosen by Wilson and Cramer). 

Some of the results are given in the following table. In every 
series of observations a 3°/, pyridine solution of the substance in 
question was examined in a 1 dm. tube in order to make the results 
comparable with those of Wilson and Cramer. 

It may therefore be stated that the specific mpbatory power’ of 
“ protagon” mixtures which possess an average of 1°/, P, changes 
from an initial = + 6°8° to a final = — 13:3°, passing through 
intermediate stages of optical inactivity, and levorotation as high as 
=— 242°. 

As these results are not in agreement with Wilson and Cramer’s 
“decomposition” theory, we thought it advisable to test the latter 
directly by subjecting a sample of “ undecomposed” protagon, prepared 
according to their method, to the supposed decomposing influence of 
warm or boiling alcohol. For this purpose, some of the “ protagon,” 
whose optical activity is given in Table L, was boiled for } hour 
with alcohol, while another quantity was treated with alcohol at 45° C. 
for 24 hours. In both cases the solvent was evaporated in vacuo. 


See restriction in footnote, page 841. 


> 
| 
q 
a 
&. 
« 
‘ 
7 


(a) After 4 hour’s boiling with 
alcohol 
Time 
mins, t° a 
0—10 80 +10 +5°5 
15 21°56 +0 +0 
Maximum of levorotation not observed 
2h. 80’ 18 — 24’ -183 
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TABLE IL. 


(1) Gamgee’s Protagon (Wilson and Cramer’s modification), P= 1-07"),. 
Total time of extraction: 100 hours. 
Time of recrystallisation: 7 hours. 


a [a]o 
485 +0 +0 
30 +19 +565° 
22°5 +0 +0 
Strong lwvorotation, record not kept. 
15 — 24’ — 18°3° 


(2) Gamgee’s Protagon. (Twice recryst.) P=0°94"/,, W =2-20°,. 
Total time of extraction: 120 hours. 
Time of reerystallisation: 10 hours. 
Time (in mins.) a [aly 
+12’ +6°7° 


5 +0 +0 
High levorotation, records not kept. 
(3) Artificial Protagon. (Once recryst.) P=0°99 


Time (in mins.) a [a}p 
0-5 +12’ +6°7° 
7 +0 +0 
10 -7 19 —241°6° 
2h. 24’ 183° 
(4) Acetone-Protagon. P=0-96°/,, W = 2°29°,. 
Time (in mins.) a [alo 
o—1 +12 
4 +0 +0 
8 138°8° 
~ 183° 


It is clear, therefore, that the chemical composition of the substance 
cannot have been affected as nothing has been removed from the 
solution. A 3°/, solution in pyridine of the recovered “ protagon” was 
examined in the polarimeter. The results are given in the following 
table. 


| 

| (0d) After 24 hours’ digestion with J 

| alcohol at 45°C. 4 
Time (in 

mins.) a 

0—9 30 +10 +5°5 

10 21 +0 +0 

25 19 8° 80’ ~116°6 

5h. ~ 24’ -18°8 
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It will be seen that, allowing for the difference of rate in tempe- 
rature changes, the results agree inter se and with the observations 
given in Table I. made the “undecomposed” protagon. The 
exposure of “protagon” to warm or boiling alcohol had therefore not 
altered its chemical composition or its optical activity. 

The same series of experiments was repeated with identical results 
with samples of “acetone-protagon.” In none of the many cases 
examined by us could we observe a specific rotation of [a],”=(+ ?) 13°3°, 
which is stated by Wilson and Cramer to be the result of the 
prolonged influence of hot or warm alcohol on “protagon.” In every 
instance, however, whether before or after the supposed decomposition, 
a final levorotation of = — was observed. 

In order to test the decomposition theory still further we examined 
both the “ undecomposed” and “decomposed” samples of “ protagon” 
in 5°/, solutions in aleohol-chloroform. This solvent, while showing 
the same values as the pyridine solutions at 30° C., as already stated 
above, does not give rise to the peculiar changes observed in the latter. 
It was therefore to be expected that a rise of optical activity produced 
by the supposed decomposition would be easier to observe in the 
stronger solutions which can be employed in the case of the alcohol- 


chloroform mixture. In confirmation of our previous results we found, 


however, that the specific rotatory power of the samples before and 
after treatment with alcohol was identical, viz. [a],”=+7°. 

It is therefore clear that prolonged contact with warm 
or boiling alcohol has no effect on the optical activity of 
“ protagon.” 

These results are in direct contradiction to the observations on 
which Wilson and Cramer based their “decomposition” theory and 
therefore deprive the latter of its foundation. We have already 
(loc. cit.) brought forward other experimental evidence to show that 
the revival of this theory, which had previously been discarded by 
Gamgee and by Cramer, is untenable. In continuation of our study 
of the peculiar behaviour of pyridine solutions of “protagon” in 
polarised light (see following paper) we found an explanation for the 
surprising changes of optical activity and obtained at the same time a 
conclusive confirmation of our previous results with regard to the 


heterogeneous composition of “ protagon.” 
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CONCLUSIONS. 


1, “Protagon” dissolved in pyridine possesses at + 30° C. a slight 
dextrorotation, which changes to optical inactivity at (higher or) lower 
temperature, showing finally, after reaching a maximum levorotation 
of = — 242°, a constant levorotation of [a],” =— 13'3°. 


2. The prolonged action of boiling or warm alcohol ca “ protagon ” 
during its preparation or recrystallisation has no influence on its 
behaviour in polarised light. 

8. Wilson and Cramer’s “decomposition” theory of “ protagon,” 
based on the change of the specific rotatory power of “protagon” in 
pyridine from [a],” = + 6°8° before to [a],” =(+ ?) 13°3° after the action 
of warm alcohol, is erroneous and cannot be used for the revival of the 
view that “ protagon” is a definite chemical compound. 
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ON A NEW PHYSICAL PHENOMENON OBSERVED 
IN CONNECTION WITH THE OPTICAL ACTIVITY 
OF SO-CALLED “PROTAGON.” By OTTO ROSEN- 
HEIM ayy M. CHRISTINE TEBB. 


(From the Physiological Laboratory, King’s College, London.) 


In the preceding paper we have described the behaviour to polarised 
light of “protagon” solutions in pyridine. At first sight it might be 
thought that the observations recorded there represent simply one 
more of the many cases already known of changes of temperature 
producing a variation in optical activity. A closer investigation, how- 
ever, revealed the fact that we had to deal here with a phenomenon 
which, as far as we are aware, has escaped observation up till now. 

In the preceding communication it was mentioned that a 3 °/, 
solution of a “ protagon” of about 1°/, phosphorus showed at + 30° 
a slight dextrorotation, which changed on lowering the temperature 
into optical inactivity followed by gradually increasing levorotation. 
This levorotation reaches a maximum with the formation of a pre- 
cipitate which is equally distributed throughout the fluid. With the 
settling of the precipitate the levorotation gradually diminished and 
it was during this stage that we were forced to the conclusion that 
the high levorotation was not due to a substance in solution but 
to the suspended precipitate. This latter gradually settled in the 
lower part of the tube along its whole length, and it was observed 
during the settling of the precipitate that the levorotation was much 
stronger in the lower half than in the supernatant clear fluid in the 
upper half. 

In one case a difference of 4° 20’ in the actual reading was observed, 
but usually it amounted to about one degree, evidently depending on 
the rate of settling, temperature and other unknown factors. . 

After complete settling of the precipitate the clear supernatant 
fluid usually showed a constant levorotation of [a],;"=—13°. The 
remarkable fact was then observed that on shaking the contents of the 


tube, and thereby distributing the precipitate in the fluid, the levorota- ~ 
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tion reached the high figure of —7°, or calculated as [a], = — 233°. 
On allowing the precipitate to settle and again disturbing it the same 
observations could be repeated. 

It may also be mentioned here that on redissolving the precipitate 
by raising the temperature to + 30°, the original dextrorotation was 
restored and all the above described stages could be observed again. 

The next step in the investigation was evidently to examine the 
precipitate itself as well as the supernatant solution. 

(a) Ewamination of the precipitate. In carrying out a quantitative 
experiment it was found that the quantity of precipitate averaged 30°/, 
of the original “protagon.” If “protagon” is a uniform chemical 
substance, as maintained by Wilson and Cramer, it is to be expected 
that the precipitate consists again of “ protagon,” which had crystallised 
out on cooling the warm solution. - 

The analysis of the original protagon and the fraction obtained by 
cooling its pyridine solution to 15° C. gave the following results. 


P% 
Original protagon 107 2°46 1:5 
Product obtained from its pyridine solution 2°51 8°08 1:26 


It is clear from the results of the chemical analysis that, whatever its 
optical activity might be, the precipitate formed from the protagon 
solution in pyridine is not “protagon.” The phosphorus percentage is 
more than double that of the original “protagon” and its nitrogen 


percentage has increased by over half per cent. Repeated recrystal- 
lisation from pyridine did not increase its phosphorus percentage but 
nevertheless it does not represent a uniform substance, as it was found 
that by the use of a method previously worked out by us a substance 
of 3°5°/, P was isolated from it, which is probably identical with 
sphingomyelin, the P rich constituent of “ protagon *.” 


1 “ Protagons” prepared by different methods show variations in this maximum lmvoro- 
tation from — 6° 80’ to —7°, depending on their P percentages. The figures given in this 
original Couerbe's method. 

incidentally the clearest confirmation of our previous conclusions 
that ‘‘protagon” is a mixture of phosphorus-rich and phosphorus-free substances. A 
decomposing influence of pyridine at the low temperature of + 30° is most unlikely and has 
also not been assumed by Wilson and Uram er who even adopted pyridine as their standard 
solvent for the determination of the supposed physical constants of “‘protagon.” We 

found pyridine the most efficient solvent for the separation of the phosph 
sides from the di-amino-phosphatide sphingomyelin, which is only soluble in pyridine with 
difficulty. We shall give the results of our investigations in this direction in & later 
PH, XXXVII. 24 
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The examination of this phosphorus-rich precipitate in the polari- 
meter furnished interesting results and proved that the peculiar 
behaviour of “protagon” in polarised light is due to this constituent 
of the mixture called “protagon.” The substance was dissolved in 
pyridine in which it was found to be much less soluble than the 
original “protagon.” The strength of the solution was only 1%/,, 
i.e. one-third of the percentage of the “ protagon” solution previously 
employed. In this way a comparison is obtained with “ protagon,” 
the P rich contents of which amount to about one-third. The readings 
were made as before (see preceding paper) at intervals of one minute. 
The results are represented by the following curve. 


Curve showing the optical activity of a 1 °/, solution (pyridine) of 
the P rich fraction of “protagon” (1 dm. tube)’, 
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Fig. 1. 


Curve A shows the gradual increase in levorotation until a 
maximum of —6° 15’ was reached, which is nearly double that of 


* The ordinates represent the actual readings in degrees and the abscisse the time in 
minutes. The dotted curve represents the temperature. 
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“protagon” (in 3°/, solution). At this point the formation of the 
precipitate is complete, and as it begins to settle, the lmvorotation 
decreases and finally remains constant at — 24’. It will be seen that 
this is the identical value given under the same conditions by a 3°/, 
“ protagon solution and calculated for the latter is [a], =—13°3°. 

By shaking the tube, and thus equally distributing the precipitate 
in the fluid, the reading at once reached the high value of ~10°. The 


rapid fall of levorotation accompanying the settling is well shown in 


Curve B. The final constant levorotation of — 24’ is again reached. 

(6) Haamination of the supernatant solution. As stated before, the 
solution above the precipitate showed in most cases [a])”=—13°. At 
this stage we made another remarkable observation. We found that 
the clear pyridine solution obtained by filtering off the precipitate, and 
which contained two-thirds of the original “ protagon,” was optically 
inactive in polarised light. This led us to the examination of the 
supernatant fluid before filtration. Instead of filtering it, it was 
carefully pipetted off. It was perfectly clear and no particles could be 
detected in it microscopically. Its optical activity was found to be 
[a]>"=—13°. After filtering through paper i lost its optical activity. 

We are therefore forced to the same conclusion which we arrived at 
previously (see above), te. that the lwvorotation is due to a substance 
not in solution, but in suspension. : It must be assumed that a small 
amount of phosphorus-rich substance remains in suspension for a long 
time and that it has approximately the same refractive index as pyridine, 
as it cannot be detected even by a high power microscope. It occurred 
to us that if the substance in question is retained by filter-paper, it 
might be possible to separate it by centrifugal force., Experiment con- 
firmed this a priori conclusion. The levorotatory clear fluid became 
optically inactive after centrifugalising. A minute unweighable amount 
of a transparent precipitate was noticed at the bottom of the centrifu- 
galising tube and was found on microscopical examination to be of the 
same nature as the main precipitate (see later). 

We have here the first case described in literature in which an 
optically active “solution” becomes inactive on centrifugalising owing to 
the removal of suspended particles, The explanation of this phenomenon 
was found in the peculiar physical structure of these particles, 
which we succeeded in demonstrating by means of the polarising 
microscope. 


id 
4 
a 
. 
- 
oft 
d 
4 
= 
j 
4 
3 
> 
4 
4 
ly 
4 
4 
q 
a 
} 
: 
4 
5 


352 0. ROSENHEIM AND M. O. TEBB. 


THE PHENOMENON IS PRODUCED BY “FLUID SPHEROCRYSTALS 
OF SPHINGOMYELIN. 


If the phosphorus-rich precipitate obtained by cooling a pyridine 
solution of “protagon” is examined under the microscope in ordinary 
light, it is seen to consist of small globules resembling fat globules, but 
owing to their transparency they are difficult to distinguish. Their 
spherical form is, however, well seen in dark ground illumination. This 
globular structure alone is hardly sufficient to afford an explanation for 
the optical behaviour of the precipitate, which, however, is at once 
apparent if the precipitate is examined between the crossed nicols of a 
polarising microscope, The globules are seen to be strongly anisotropic, 
standing out brightly on a black background and being divided into 
quadrants by a black cross (see Fig. 2). : 


Fig. 2. 


Similar anisotropic globules have been observed by many investigators 
in numerous organs under physiological and pathological conditions. 
This is not the place to enter into the literature of this subject, which 
seems to be closely connected with the so-called “myelin-forms” first 
observed by Virchow in 1848. It is sufficient to state here that 
“protagon,” cholesterin derivatives and oleates have been held responsi- 
ble for the formation of some of them. Adami and Aschoff' were the 


Proc. Roy. Soc., 78. 1906. 
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first to recognise them as “ fluid crystals,” but their conclusion with 
regard to their chemical nature does not seem well proved and has been 
eriticised by White’. 

There seems to be little doubt that the anisotropic spherocrystals 
which are obtained from pyridine solutions of “ protagon” and which, as 
will be shown later consist of impure sphingomyelin, are present in that 
state of matter, which O. Lehmann designates the “fluid crystalline” 
phase’. This has been observed usually to occur at certain temperatures 
between the solid and completely fused phase, but at least two cases are 
already described in literature in which this phenomenon takes place 
during crystallisation from solutions’, Preliminary experiments have 
shown us that our substance also shows a crystalline-fluid phase on 
fusing, besides that in which it crystallises from pyridine. 

The rotation of the plane of polarised light produced by suspended 
particles as described above seems therefore to be a property of fluid 
spherocrystals and we propose to designate it for the present by the 
short name of Spherorotation. This rotation reaches values which 
surpass those of substances in solution and the highest rotation observed 
was, calculated as [a]p), = — 2000°, which is more than a hundred times as 
high as that of tartaric acid. We found, however, as was to be expected, 
that Biot’s law, according to which the degree of rotation is proportional 
to the quantity of substance dissolved in unit volume of the solution, 
does not apply to spherorotation (for instance, we found that 1 °/, and 0°5 °/, 
solutions of sphingomyelin gave the identical maximum levorotation of 
— 10° in a 1 dm. tube) and the calculation of [a]p is therefore not justi- 
fied. Further work is necessary to determine the laws of spherorotation, 
which are likely to be dependent on the size and the number of sphero- 
crystals in unit volume‘. 

While being engaged in further investigation of this subject we 
were soon led to the conclusion that the indefinite mixture “protagon,” 
although it led to its discovery, is evidently not the most suitable sub- 
stance for the study of spherorotation. The substance responsible for 


1 Med. Chronicle. March, 1908. 

2 O, Lehmann, Fhissige Kristalle, Leipzig, 1904 ; see also, R. Schenk, Kristallinische 
Flissigkeiten u. Flissige Kristalle, Leipzig, 1905; and D. Vorlander, Kristallinisch- 
Slissige Substanzen, Stuttgart, 1908. 

3 See Vorlinder, op. cit. p. 332. 

4 It is interesting to note that whilst our observations were being made, V orlinder 
(Ber. d. d. Chem. Ges. xii. p. 2086. 1908) has discovered that certain ‘‘crystalline-fiuids ” 
also possess an enormous ci tion, which is 200 to 800 times as large as that 
of quartz, amounting to +5800° for 1 mm, thickness. 
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it in “protagon” is its phosphorised constituent sphingomyelin. The 
difficulties of obtaining this substance in sufficient quantity for the 
study of its chemical compositior? and physical properties are con- 
siderable, but by working up a hundredweight of ox brain we hope 
shortly to obtain enough material for this purpose. 

We have so far been unsuccessful in finding any substance of known 


chemical constitution which would show the phenomenon of spherorota- _ 


tion. The great similarity of the anisotropic globules present normally 
in the cortex of suprarenal glands to those which we obtained from 
“ protagon,” led us to a closer examination of this substance. We have 
been able to isolate from the suprarenals (ox) a substance containing 
3°4°/, P which behaves exactly like the one from brain and also shows 
the phenomenon of spherorotation. 


CoNncLUSIONS. 
I. The di-amino-phosphatide sphingomyelin, the phosphorus-rich 


constituent of “protagon,” prepared from brain, gives rise to a high 
levorotation during separation from its solution in pyridine. 


II. The substance separating out from pyridine solutions of 
“protagon,” or from those of sphingomyelin, crystallises in anisotropic 
globules (fluid spherocrystals). 


IIL Fluid spherocrystals of sphingomyelin suspended in pyridine — 


possess the power of rotating the plane of polarised light to the left. 
IV. The name Spherorotation is proposed for this phenomenon. 


V. A substance (P = 3°4°/,) was isolated from the cortex of supra- 
renals which possessed the same physical properties as sphingomyelin 
obtained from brain and also gave rise to spherorotation. 


The expenses of this research have been in part defrayed from a grant from the 
Government Grant Committee of the Royal Society. . 
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THE EFFECTS OF LOW ATMOSPHERIC PRESSURES 


ON RESPIRATION. By A. E. BOYCOTT, D.M., ann 
J. 8. HALDANE, MD., 


(From the Lister Institute of Preventive Medicine.) 


It is well known that exposure to the low atmospheric pressures met 
with at high altitudes produces a variety of respiratory and other 
disturbances, The most prominent of these are that muscular exertion 
produces undue hyperpnoea: that sleep is apt to be disturbed by 
irregular breathing: and that attacks of nausea, headache, and great 
depression (“mountain sickness”) are apt to occur. In very high 
ascents in balloons, consciousness is often lost quite suddenly, and death 
may easily result. . | 

Paul Bert? was the first to furnish clear experimental evidence that 
the main cause of these symptoms is the low partial pressure of oxygen 
in the air breathed, and consequent incomplete saturation of the blood 
with oxygen. Subsequent’ investigations, for an account of which we 
may refer to the books of H. von Schrétter*, and of Zuntz, Loewy, 
Miller, and Caspari’, have, when correctly interpreted, confirmed 
Bert’s main conclusions, although, as will be seen below, many points 
are still far from clear, and particularly the part played by CO, in the 
regulation of respiration at low pressures. — 

The physiological effects of low barometric pressures evidently 
depend on the partial pressure of oxygen, and possibly also of CO,, in 
the air of the lung alveoli; and a knowledge of these is essential to a 
proper understanding of respiration at low pressures. The present 
investigation has been devoted almost entirely to following the changes 


1 Paul Bert. La Pression Barométrique, 1878. 

2? H. von Schritter. Der Sauerstof in Luftdruckerkrankungen, Berlin, 1906. This 
book contains a very interesting account and discussion of recent very high balloon 
ascents with the help of oxygen. 

* Zuntz, Loewy, Miiller, and Caspari. Hidhenklima und Bergwanderungen, 
Berlin, 1906. | 


PH. XXXVII. 25 


AY 
5 
a 
f 
a 
4 
a 
~ 
° 


356 A. E. BOYOOTT AND J. 8. HALDANE. 


in the partial pressure of CO, and O, in alveolar air at low pressures, in 
conjunction with the symptoms produced. 

it was shown by Haldane and Priestley’ that under normal con- 
ditions the breathing is so regulated as to maintain in each individual 
a practically constant partial pressure (about 40 mm. of mercury) of CO, 
in the alveolar air, in spite of great changes in the rate of respiratory 
exchange or in the composition or pressure of the inspired air, So delicate 
is the regulation that, other things being equal, a rise of 1 mm. in the CO, 
pressure increases the breathing about 80°/,. This law held good when 
the alveolar oxygen pressure was increased by breathing air at increased 
pressure, or containing an increased percentage of oxygen. When the 
alveolar oxygen pressure was greatly diminished, however, as by breath- 
ing air containing less than about 14°/, of oxygen, the law no longer 
held good. Thus with an alveolar oxygen pressure reduced from the 
normal of about 103 mm. of mercury to 31 mm, there was great hyper- 
pnea with other urgent symptoms, and the alveolar CO, pressure had 
fallen from 40 to 25 mm.’ : 

The hyperpnea caused by a great fall in the oxygen pressure of the 
air breathed has of course been long familiar to physiologists, and 
deficiency of oxygen in the alveolar air was till recently regarded as a 
factor in the regulation of breathing under even normal conditions. An 
accurate study of the effects on respiration of deficient oxygen pressure 
has hitherto been wanting, however. 

Zuntz and his associates have rightly laid great stress on the 
importance of the alveolar gas-pressures in connection with the effects 
of low pressures, and they have published numerous data relating to this 
point, Their method was to assume a certain volume (140.c.c.) calcu- 
lated by Loewy* from various data, for the “dead space” of the 
respiratory passage, and to calculate the composition of the alveolar air 
from this assumed volume, and the observed composition of the expired 
air and depth of breathing. This method seems from the results to be 
uncertain, and this uncertainty has, we think, misled the observers in 
_ question to some extent. A number of experiments are summarised in 
Tables X to XVI of the book by Zuntz, Loewy, Caspari and 
Miiller. In Table X, for example, the calculated alveolar OO, pressure 
is 33'1 mm. at Berlin (barometer 756 mm.), 445 at Brienz (715 mm.) 
and 348 mm. on Monte Rosa (439 mm.). It seems very improbable 
that these results could be correct. Table XVI gives results obtained 


? This Journai, xxxm. p. 225. 1905. ® Loc, cit. p. 285. 
Phliiger’s Archiv, p. 416. 1894. 
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in a pneumatic chamber at Berlin. At a pressure of about 480 mm. 
the first two of the five individuals investigated gave alveolar CO, 
pressures considerably above the maximum (445 mm.) directly deter- 
mined by Fitzgerald and Haldane, who examined a large number of 
individuals'. Such a combination of alveolar gas pressures as the 
extremely high value of 50°9 mm. for CO, with the extremely low one 
of 32°8 for oxygen seems specially improbable in view of all our results. 
In any case the value assumed for the dead space in these calculations 
must be uncertain, so that the method can only give doubtful results for 
any individual. If, however, the results for all the persons experi- 
mented on be averaged, general conclusions can be drawn which are 
probably near the truth. The average, for instance, shows a consider- 
ably lower alveolar CO, pressure on Monte Rosa than at a normal 
atmospheric pressure. 

Our experiments were made in the large steel chamber recently 
presented to the Lister Institute by Dr Ludwig Mond. , This chamber, 
which is described more fully elsewhere’, is sufficiently roomy to enable 
three persons to work comfortably and carry out the necessary analyses, 
etc. Any desired negative pressure can easily be obtained and kept so 
steady that in spite of ample ventilation by a powerful pump there is no 
difficulty in carrying out the analyses. In several of the later experi- 
ments we had the co-operation of Mr Ogier Ward, who, in particular, 
acted as subject and made the analyses, in the very long experiment 
described below. The composition of the alveolar air was investigated 
by the direct method of Haldane and Priestley’, the partial pressure 
of O, and CO, being calculated from the results of the analyses and the 
readings of # mercurial barometer in the chamber, after allowing for the 
pressure of aqueous vapour (46 mm. of mercury) in the saturated alveolar 
air. Thus if the percentage of O, in the (dry) alveolar air was found by 
analysis to be 11°00°/,, and the barometric pressure was 400 mm., the 
oxygen pressure in the alveolar air was (400 — 46) x 4, = 38°5 mm. 
Two samples (one at the end of inspiration and one at the end of expira- 
tion) were taken for each determination. 

The analyses were made inside the steel chamber with the gas- 
analysis apparatus described by Haldane in the Journal of Hygiene, 
vol. VI. p. 74, 1906, and the samples were almost always taken directly 
into the gas-burette, the arrangement being that used by Fitzgerald 


1 This Journal, xxxm. p. 486. 1905. 
2 Boycott, Damant, and Haldane. Journal of Hygiene, vit. p. 877. 1908. 
This Journal, p. 226. 1905. 
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and Haldane’. Accurate determinations could thus be made very 
easily and quickly. For absorbing the oxygen we often used the hydro- 
sulphite solution recommended by Durig*, and found it to be an 
admirable and cleanly substitute for pyrogallic acid solution, though not 
so lasting. 

Before discussing the results of the low pressure experiments we 
must refer to a possible source of fallacy in our experiments. At the 
outset of the investigation we found that although under ordinary con- 
ditions the alveolar CO, pressure remains very constant, as stated by 
Haldane and Priestley, yet any considerable changes in the external 
temperature produce distinct alterations. It was observed by Haldane 
in an experiment where the body temperature was allowed to rise in a 
hot and moist atmosphere that the alveolar CO, pressure fell consider- 
ably’. This was at the time attributed entirely to the rise in body 
temperature; but forther observations have shown us that warmth or — 
cold causes a slight fall or rise in the alveolar CO, pressure without any 
rise or fall of the internal (rectal) temperature. These variations are not 
large, but are sufficient to make it necessary to take into careful 
consideration the circumstances of temperature when any small changes 
in the alveolar CO, pressure are under examination. 


Time Alveolar CO, per cent. Remarks 
11,28 5-415 
11.5 566 |. In laboratory: air t.° 18°4—19°0°. 
12.20 5°62 Average 5°51 per cent, =39°1 mm. Hg. 
12.85 5°335 Rectal temp. at 1.5 was 37°2°. 
12.50 5°52 
1.22 6°03 At 1.20 into cold room: air t.° 7-1—8°0°. 
1.35 5°93 Average 5-95 per cent.=42°2 mm. Hg. 
1.46 5°90 . Rectal temp. at 1.50 was 37:0°. | 
2.6 5°34 At 1.59 from cold room to laboratory: air t.° 18-0—18-2°. 
2.23 5°60 Average 5°49 per cent.=39°0 mm. Hg. 
2.35 5°54 
2.54 5875 At 2.52 into cold room again: air t.° 7°8°. 
3.8 5825 Average 5°85 per cent. = 41°5 mm. Hg. 
8.85 5°46 At 3.25 left cold room: 3.82 into hot room: air t.° 38-0°. 
848 5°27 Average 5°38 per cent. = 38-2 mm. Hg. 
4.4 5°40 Rectal temp, at 4.5 was 87°0°. 


1 This Journal, xxx. p. 486. 1905. 

* Biochem. Zeitsch, rv. p. 65, 1907. To a solution of 50 grammes of Na,S,0, in 
240 c.c. of water add a solution of 80 grammes of NaHO in 40 .c, of water. 

* Journal of Hygiene, v. p. 508. 1905. Strangely enough, Scott has quite recently 
proved (This Journal, xxxvm. p. 314. 1908) that fall of body temperature also causes 
(in cats) a fall in the alveolar OO, pressure. 
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The phenomenon has been observed in ourselvés at intervals during 
18 months, and has been found to be qualitatively, if not quantitatively 
constant, A typical experiment gave the following results. The 
subject (A. E. B.) was fully clothed. The figures given for the CO, 
represent in each case the average of two samples, one taken at the 
end of inspiration, the other at the end of expiration. The time 
indicates the time of taking the first (inspiration) sample of each pair. 

A number of further observations on the same subject are summarised 
in the next table. The figures in each case represent the average of 
two to eight pairs of samples. 


Barometer T percent. mm. Hg 35 per cent, mm. Hg per cent. mm. Hg 


7 586 414 165 552 890 
762 165 «580 «415 
74 855 558 406 165 522 380 
767 160 569 410 


546 89-1 


6 540 3890 
530 86392 


This influence of temperature also seemed to be effective in 
producing a general seasonal variation in the average normal alveolar 
CO, tension determined at room temperature. A number of determina- 
- tions made for a variety of purposes seems to show on examination that 
the alveolar CO, tends to a lower level in warm weather. The following 
figures are averages obtained in the same subject by exactly the same 
method throughout : 


May 1906 (6 days) 41-5, 42°0, 42°7, 40°3, 41°7, 41-9 = 41-7. 

June 1906 (7 days) 39°0, 39-0, 41°5, 38:0, 39°4, 40°0, 41:0 = 39°7. 
November 1906 (3 days) 39°7, 42°0, 42°2 = 41:3. 

July 1907 (7 days) 409, 37-6, 39°4, 41:3, 38°6, 39°6, 41:5 = 39°8. 
August 1907 (3 days) 38°6, 39°8, 40-4 = 39°6. 


The temperature of the air of the laboratory on all the occasions 
mentioned lay between 14° and 19°. The authors are of opinion from 
general experience, which it is not possible to express in numerical terms, 
that this diminution in the alveolar CO, is associated with the feeling of 
warmth of a rather unpleasant kind rather than with any absolute 
point on the thermometer. It is clear that it has nothing to do with 
body temperature as measured in the rectum, and is produced by con- 
tact of warm air with the face and hands within two or three minutes. 
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We think indeed that it is one of the physical expressions of the feeling 
of warmth and slackness, while the rise in the CO, tension is associated 
with the general exhilaration and stimulation produced by cold air. 

It is possible that the influence of air temperature on alveolar CO, 
is secondary to alterations in the circulation. An increase in the rate of 
circulation through the respiratory centre would tend to diminish the 
difference between the tension of CO, in the cells there and in the 
alveolar air, and therefore to raise the tension in the lung. If we may 
with propriety infer that a general rise of blood-pressure indicates an 
increase of circulation through the respiratory centre, the following ex- 
periments bear on this question. The blood-pressure was determined by 
Martin’s Riva Rocci apparatus under conditions of rest (sitting still) and 
gentle activity (walking slowly up and down the laboratory) : no difficulty 
was experienced in obtaining concordant successive readings. The 
alveolar CO, was determined at the same time. 


16°6° 5°76, 5°79=42°0 101, 102, 101, 100, 99, 101=101 In laboratory. 
88° 6°17, 5°91=48°7 107, 109, 109, 109= 108 In yard. 
855° 5°50, 6°55=40°8 102, 100, 102, 101=101 In hot room. 


16°, resting 5°83, 6°84, 569=42°2 104, 107, 106, 104, 104, 105=105 In laboratory. 
16°, active 6°19, 6°07, 5°98=44°3 118, 191, 120=120 
35°, resting 5°54, 5°48, 5°46=389°8 98, 98, 98=—98 In hot room. 
85°, active 5°32, 5°51, 5°42=389°5 108, 104, 109, 109=107 


These results show that the changes of temperature examined may 
be accompanied by changes in blood-pressure corresponding in sense to 
the changes in alveolar CO, tension. The experiments in the hot room — 
show however that this parallelism may fail and suggest therefore that 
the two phenomena are associated but not causally related. 

The only obvious explanation of the results appears to be that the 
activity of the respiratory centre is influenced by the varied stimulation 
of the face, nose etc, by hot and cold air, as well as by the CO, pressure 
in its cells. The alveolar CO, pressure is an index of the CO, pressure 
in the respiratory centre and accordingly varies as the sensibility of the 
centre to CO, is influenced by other stimuli. 

The results of individual experiments on the alveolar air during ex- 
posure to low pressures are given in an Appendix, and will now be 
briefly summarised and discussed. 

We found that in the ordinary short experiments the alveolar CO, 
pressure remained nearly constant until the barometric pressure fell to 
about 550 mm. or 72°/, of the normal. This is shown in Fig. 1, which 
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represents graphically the results of the first two experiments. At lower 
pressures there was a fall in the alveolar CO, pressure, and this became 
more and more rapid as the barometric pressure diminished. The law of 
Haldane and Priestley that during rest under ordinary conditions the 
alveolar CO, pressure remains constant, thus ceased to hold good at less 
than about 550 mm. of air-pressure. This corresponds to an oxygen 
pressure of about 116 mm. of mercury, or 15°3°/, of oxygen in dry 
inspired air at normal pressure. In the first two experiments the 
alveolar oxygen pressure was not determined; but assuming that the 
(uncorrected) respiratory quotient was the normal one of about 0°9, the 
alveolar oxygen pressure at 550 mm. barometric pressure must have been 
just 62 mm. corresponding to 8°7 °/, of oxygen in (dry) alveolar air at 


800 700 600 6500 400 300 
Barometric pressure in mm.of mercury 


Fig. 1, The thick lines represent Exp. I., the thin lines Exp. II., the continuous lines 
the results for J. 8. H., the interrupted lines those for A. E. B. 
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ordinary barometric pressure, or 60°/, of the normal. Alveolar oxygen . 


pressures are shown graphically in Figs. 3 and 4. 


On comparing the results for J. S. H. and A. E. B., it will be seen 
that they differed somewhat. In J.S. H. there was already a diminution 
in alveolar CO, pressure at 550 mm. barometric pressure, while this was 
not the case in A. E. B. even at 550 mm. At the lowest barumetric 
pressure (356 mm.) there was also a greater fall in alveolar CO, pressure 
in J. 8. H> than A.E.B, The respiratory centre of J. S. H. thus seemed 
to answer better to the stimulus resulting from want of oxygen than that 
of A. E. B, In apparent correspondence with this fact A. E. B. suffered 
more from the effects of want of oxygen than J. 8. H., and the observa- 
tions at 356 mm. had, in fact, to be somewhat abruptly terminated owing 
to the symptoms of A. E. B., who became deeply cyanosed and seemed 
to be losing consciousness after a slight exertion due to a mistake with 
the gas analysis apparatus. As the pressure diminished below about 
450 mm. both observers began to experience the usual symptoms of want 
of oxygen—more or less blueness of the face, difficulty in carrying out 
and calculating the analyses, loss of memory, etc. At 356 mm. these 
symptoms, and general discomfort, became very marked in A. E. B. 
The calculated alveolar oxygen pressure in the last observations at 
356 mm, barometric pressure was 30°5 mm. in A. E. B. and 35°7 mm. in 
J. 8S, H., assuming the respiratory quotients to have been 09. The 
corresponding alveolar CO, pressures were 30°9 and 263 mm. The fact 
that the latter values are 25 and 33°/, below the normal indicates that 
there was slight hyperpnea, but this was not noticeable to the subjects 
of the experiment. What was noticed was that any slight holding of 
the breath, as in making observations, etc., was followed by discomfort 
and deep respirations. 

A barometric pressure of 356 mm. corresponds to an altitude of only 
about 20,000 feet. This altitude has often been considerably exceeded 
by both mountaineers and balloonists without serious difficulty. The 
reasons why we, in common with other observers who have used steel 
chambers, were already in difficulties at 356 mm., will be discussed later. 

Exps. ITI—VIII call for no special remarks, except that the alveolar 
oxygen pressure was also determined in many cases, and that although 
the mode and extent of decompression was varied a good deal the general 
results confirm those of Nos. I and IJ. Mr Ogier Wardand Dr Haldane 
suffered hardly at all from symptoms of lack of oxygen at 425 mm., while 
Dr Boycott experienced some discomfort at this pressure, but had no 
difficulty in making the analyses. | 
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In Exp. IX the pressure was reduced to 400 mm. when all three 
observers had distinct symptoms of want of oxygen, accompanied by the 

expected fall of 4—6 mm. in the alveolar CO, pressure. About 100 cubic 
feet of oxygen were then discharged into the air from a large cylinder. 

This raised the pressure to 740 mm. The pump was then re-started, 

and the pressure reduced, first to 411 mm., and later to 307 mm. The 

| oxygen percentage in the air was now about 45, and the alveolar oxygen 

pressure as high as 80 mm., even with the barometric pressure at 307 mm. 


pressure 


Alveolar CO, 


800 700 600 500 400 300 
Barometric pressure in mm of mercury 


: Fig. 2. The continuous lines represent the results in air, the dotted lines those in 
‘ 45—50 °/, oxygen, the thick lines those for J. 8. H., the thin lines those for A. E. B., 
and the double lines those for R, O. W. 


The result was that none of us had the slightest symptoms of want of 
4. oxygen, and that the alveolar CO, pressure went back to normal, and 
ie remained practically normal, even at 307 mm. barometric pressure, 
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although the chamber felt somewhat warm, as the ventilation was 
stopped’, 

This experiment shows clearly that the symptoms experienced, and 
the fall in alveolar CO, pressure in rarefied air, are alike dependent on 
want of oxygen and not on the mere diminution of pressure. The fall 
in alveolar OO, pressure, and consequent “acapnia,” to use Mosso’s 


800 700 600 500 400 300 
Barometric Pressure in mm. of mercury 

Fig. 8. Effects of diminished barometric pressure on the alveolar gas-pressures. The 


thick lines show the alveolar CO, pressure, and the thin lines the alveolar O, pressure. 
The dotted lines refer to the experiment in which oxygen was added to the air. 


1 We may call attention at this point to what appears to be a risk in cases where the 
air-pressure is fairly rapidly lowered to points below about 300 mm. This can be done 
without risk of want of oxygen as was shown by Paul Bert, if arrangements are made for 
breathing oxygen, and Aggazzotti has recently succeeded, with the help of a mixture of 
oxygen and CO, in himself reaching the very low pressure of 122 mm. (corresponding to 
48,000 feet), and of taking an ape to the pressure of 95 mm. without evident symptoms of 
oxygen-want being produced, Judging from the experimental data of Boycott, Haldane, 
and Damant, there would be increasing risk of disengagement of bubbles in the blood, 
and consequent symptoms of caisson disease, if the pressure were reduced too rapidly 
beyond about 300 mm. In the book quoted above (p. 121) von Schrétter records an 
attack of symptoms in himself resembling caisson disease when he was in a steel chamber, 
of which the pressure had fallen in 15 minutes to 230 mm. Although he concludes that 
these symptoms could not have been due to caisson disease, we think, in view of the data 
given by Damant and ourselves, that he was probably mistaken, and that the risk of 
caisson disease at very low pressures ought to be taken into account. 
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expression, are, as maintained by Zuntz and other supporters of Paul 
Bert's original theory, secondary to the want of oxygen, and not 
primary factors in the causation of mountain sickness and the other 
symptoms produced by low barometric pressure. Figs. 2 and 3 show 
graphically the changes in the alveolar gas-pressures in this experiment. 
In Fig. 3 are shown the variations in the average observed and calcu- 
lated alveolar oxygen and CO, pressures of A. E. B. and J. S. H. in experi- 
ments I and II, and in dotted lines those observed after the oxygen had 
been liberated in the chamber in experiment VII. The effect of the 
oxygen in keeping the alveolar CO, pressure constant, in spite of the 
diminution in barometric pressure is clearly seen. 

Fig. 4 (see also Appendix, p. 374) shows graphically the variations 
in A. E. B. of (1) the observed alveolar CO, pressure, (2) the observed 


3000. 2600. 2200 1800 1400 1000 600 0 
air pressure mm. 
Fig. 4. Effects of variation in barometric pressure on alveolar gas-pressures and per- 
centage of CO, in A. E. B. The dotted lines show results when oxygen was added to 
the air. 


alveolar CO, percentage (to which, of course, the deficiency in oxygen 
percentage runs parallel when air is breathed), and (3) the calculated or 
observed alveolar oxygen pressure. These values were obtained in 
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different experiments, at pressures varying from 2830 mm. (nearly four 
atmospheres) to 307 millimetres. The dotted lines indicate the results 
when oxygen was added to the air breathed. It will be seen that so 
long as the alveolar oxygen pressure exceeded about 50 mm. the alveolar — 
CO, pressure remained practically constant, while the alveolar CO, 
percentage varied inversely as the barometric pressure (allowing for 
the aqueous vapour in the alveolar air). These observations furnish 
fresh evidence that the regulation of breathing, during rest, at any 
rate, is, within wide limits, independent of variations in the alveolar 
oxygen pressure. 

In Exp. II (and to a less extent in Exps. I and IV), it was noticed in 
the case of J.S. H. that after exposure to a low air-pressure the alveolar 
CO, pressure did not return to normal for more than an hour after 
the pressure had been raised to normal. The determinations were 
repeated again and again during the interval after experiment II so 
that there could be no doubt of the fact. The exposure to want of 
oxygen seemed to have altered the normal standard of alveolar CO, 
pressure, and the alteration remained for some time after the want of 
oxygen had been entirely removed. This fact suggested that the fall of 
alveolar CO, pressure during exposure to want of oxygen is due in 
whole or part to some secondary change brought about by the want of 
oxygen, and not to an immediate effect of want of oxygen in exciting 
the respiratory centre and so producing hyperpnea. This secondary 
change might evidently have a most important bearing on the adapta- 
tion of the body to low atmospheric pressures, as the alveolar oxygen 
pressure, other things being equal, must rise if a physiological change 
which diminishes the alveolar CO, pressure occurs. To investigate this 
and other matters more thoroughly Mr Ogier Ward undertook to 
make observations on himself during a stay of some days on Monte 
Rosa; and the results of his investigation are contained in the suc- 
ceeding paper. He found that even at Zermatt (633 mm.) his alveolar 
CO, pressure became distinctly lower, remaining steady at the lower pres- 
sure, and that a stay on Monte Rosa (443 mm.) produced a much greater 
fall in alveolar CO, pressure than was observed at the same pressure in 
the chamber : also that this fall lasted on after his return to Zermatt. 
There could thus be no doubt that the slight hyperpnea, and con- 
sequent fall in alveolar CO, pressure, produced at high altitudes, is 
due, not directly, but indirectly to want of oxygen; and that this 


indirect effect may continue for a considerable time after the lack 
_ of oxygen has been removed. 
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A further long experiment on the same subject was made in the 
steel chamber, with Mr Ogier Ward as the subject. The pressure 
was reduced to 540 mm., and he remained inside for 24 hours, with the 
pump running the whole time, so as to give ample ventilation. Fig. 5 
shows graphically the results. It will be seen that although in the 
previous short experiments in the chamber a fall of barometric pressure 
to 545 mm. had only caused a fall of about 1 to 1°5 mm, in the alveolar 
CO, pressure, yet after 2 hours’ exposure to this barometric pressure the 
alveolar CO, pressure had fallen 5 mm. ; and about 7 mm. after 20 hours’ 
exposure. It will also be seen that when the barometric pressure was 
again raised to normal the alveolar CO, pressure continued for about 
20 hours to be nearly as low as during the experiment, and had scarcely 
returned to normal after two days’. 

It thus seems that the effect of long-continued scarcity of oxygen is 
to lower by some means the normal level of the alveolar CO, pressure. 
It is apparently still the alveolar CO, pressure that directly determines 
the lung ventilation. Want of oxygen is at best a very feeble direct 
stimulus to respiration, if it is a direct stimulus at all: for in the steel 
chamber cyanosis and loss of consciousness may be caused by want of 
oxygen, without any previous hyperpnea to speak of. During a stay 
at high altitudes, as on Monte Rosa, muscular exertion produces 
unusually marked hyperpnea. If this were due directly to want of 
oxygen we should expect to observe fainting with every exertion ; but 
such fainting does not occur—only great hyperpnea. This point was 
carefully observed by Ogier Ward on Monte Rosa. Extreme hyper- 
pneea is, of course, produced by rapidly diminishing the percentage of 
oxygen in the inspired air; and this phenomenon, the cause of which 
will be discussed in another paper in this Journal (p. 390), has led 
to the prevalent belief that want of oxygen is a direct stimulus to 
the respiratory centre. 

As to the means by which the normal alveolar CO, pressure becomes 
lowered by exposure to want of oxygen, a number of facts suggest that 
diminished alkalinity of the blood is the actual cause. It is known 
that lack of oxygen leads to the formation of large quantities of lactic 
acid. This was clearly proved by a series of experiments carried out in 
Hoppe-Seyler’s laboratory by Araki*. He found that as much as 

1 In this experiment R. O. W. suffered from nausea after the first 12 hours, and slept 
badly in spite of @ comfortable bed. The ventilation was sufficient to keep the OO, per- 
centage below 0°15, and make the atmosphere feel fresh and cool, so that the nausea, etc. 


were doubtless due to the low pressure. 
2 Zeitsch. f. physiol. Chem. xv. p. 885. 1890; xvi. p. 425; xvii. p. 311; xvi. p. 422. 
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2°/, of zinc lactate could be obtained from the urine of animals exposed 
to want of oxygen, and that not only was the amount of lactic acid in 
the blood greatly increased, but its alkalinity was very markedly dimin- 
ished. Want of oxygen was produced by a low percentage of oxygen 
in the inspired air; by carbonic oxide poisoning, and by amyl nitrite 
poisoning. Any doubts as to the latter two substances producing want 
of oxygen, and causing death by want of oxygen, have now been 
removed’. Fletcher and Hopkins* have also recently demonstrated 
the influence of want of oxygen in the production of lactic acid in 


‘muscle ; and finally Galeotti and Aggazzotti‘ have found that the 


alkalinity of the blood was diminished on Monte Rosa and on exposure 
to low atmospheric pressure in a steel chamber. 

It is known also that the ingestion of acids into the body causes 
hyperpneea, accompanied by diminished alkalinity of the blood and a 


~ fall in the CO, percentage to even less than 3°/,*; and that the injection 


of dilute sodium hydrate into the blood causes apnaa’®. 

It seems reasonable, therefore, to conclude that the action on the 
respiratory centre of the circulating blood is due to what may be called 
its total acidity, including, of course, that due to free CO, If more 
lactic or other acid, or less alkali, is present in the blood than usual, 
then less free CO, will be required to excite the respiratory centre, and the 
alveolar CO, pressure will consequently fall ; and wice versa. This theory 
seems to explain well the fall in alveolar CO, pressure at low barometric 
pressures. It also explains why this fall requires some time to develope, 
and does not disappear at once, since it will take sume time for the body 
to develope the maximum percentage of lactic or other acid in the 
blood, or to recover from this condition. Probably also the presence 
of lactic acid in the blood leads to an elimination of lactate of soda 
and potash in the urine, and consequent diminution in the normal 
quantity of soluble alkali in the body, even although ammonia not 
converted in the usual manner into urea may also be eliminated in 
combination with lactic acid. Some such process as this seems probable 
in view of Bunge’s work on the action of potash salts in robbing the 
body of sodium chloride ; and if lactic acid robs the body of soluble 


1 Haldane. This Journal, xvim. p. 201. 1895. Haldane, Makgill and Mavrogor- 
dato. Ibid. xx. p. 160. 1897. 

2 This Journal, xxxv. p. 247. 1907. 

3 Arch. ital. de Biol. x11. p. 80. 1904. 4 Ibid, xurv. 1905. 

5 Walter. Arch. f. exper. Pathol, vu. p. 148. 1877. 

Hougardy. Arch. internat. de Physiol. 1. p.17. Mosso. Arch. ital, de Biol. 
p- 100. 1905, 
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alkali we have a ready explanation of the extreme slowness with which 
the alveolar CO, pressure returns to normal after prolonged exposure to 
low atmospheric pressure. Slight variations in the alkalinity of the 
blood may well explain the variations sometimes observed in the 
alveolar CO, pressure’. 

The gradual fall in the alveolar CO, pressure at low atmospheric 
pressures is evidently a most important factor in explaining accommo- 
dation to low pressures; for of course a fall in alveolar CO, pressure 
implies a rise in alveolar oxygen pressure, other things being equal. 
The importance of this factor will be evident from a single example. 
Let us suppose that the barometric pressure is reduced to half (ie. to 
380 mm.), and that the alveolar CO, pressure remains normal at 40 mm., 
with a respiratory quotient of ‘9. The alveolar oxygen pressure will 
evidently be 40 x - = 444 mm. below the oxygen pressure of the 
inspired air, allowing for the tension of aqueous vapour in alveolar 
air (46 mm.). But the total oxygen pressure of the inspired air saturated 


at the body temperature is (380 — 46) x aa 69°8 mm., so that the 


oxygen pressure of the alveolar air would only be 69°8 — 44°4 = 25°4 mm. 
This would cause extreme cyanosis, and probable loss of consciousness, to 
judge from all our experience. If, on the other hand, the alveolar CO, 
pressure were regulated to about 25 mm.,as would probably be the case, 
judging from Mr Ogier Ward's observations on Monte Rosa, the oxygen 
pressure in the alveolar air would be 69°8 — 27°8 = 42 mm.—a value at 
which little or no discomfo uld be experienced, to judge from our 
experience. In the oro where A. E. B. became ill at a 
pressure of 356 mm. his Alveolar CO, pressure had only had time to fall 
to 31 mm.,so that his alveolar oxygen pressure was only about 30°8 mm., 
which seems to be about the limit where serious symptoms begin. 

If the foregving conclusions are correct it would seem to be a matter 
of great importance to mountaineers and balloonists to keep the respi- 
ratory quotient as high as possible: for the higher the respiratory 
quotient the higher will the alveolar oxygen pressure be, other things 
being equal. A mainly carbohydrate diet, and avoidance of long 
intervals between meals, would therefore seem advisable. The breath- 
ing of air to which CO, has been added without at the same: time 


* Beddard, Pembrey and Spriggs have recently shown that during diabetic coma, 
which is associated with greatly diminished alkalinity of the blood, the alveolar OO, 
pressure may fall to as low as 8:3 mm, (This Journal, xxxvu, p. xl, 1908.) | 
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abstracting oxygen would, of course, have a similar effect, as has been 
actually proved by Mosso and his pupils. Nothing in our experiments, 
however, lends any support to Mosso’s theory that the primary cause 
of mountain-sickness is lack of CO, (“acapnia”). The relief produced 
by excess of CO, is due, at least mainly, to the artificial production 
of an abnormal hyperpneea, and consequent rise in the alveolar CO, 
pressure. The condition of the body then becomes one of “hypercapnia”; 
and indeed “hypercapnia” may be said to be already present at high 
altitudes, without the addition of CO, to the inspired air, since the 
stimuli to the respiratory centre are already in excess of the normal. 

Qur conclusions as to respiration under low pressure seem to 
harmonise well with the important and clearly thought-out observa- 
tions of Zuntz and his associates. They have shown that the volume 
of air breathed at high altitudes is increased, as a rule, out of proportion 
to any increase in the rate of respiratory exchange, so that the alveolar 
oxygen pressure is higher, and the alveolar CO, pressure lower, than 
would otherwise be the case. They also attribute this increase to 
the formation of acid substances as a consequence of insufficient 
oxygen supply to the body, but appear to regard the stimulus of these 
acid substances as wholly replacing that of CO, at-very high altitudes, 
as, for instance, on Monte Rosa’. That such acid substances could be 
formed or could disappear sufficiently promptly to take the place of CO, 
as an efficient regulator of the lung ventilation seems very improbable, 
however, in view of our observations ; and we think that the theory we 
have put forward explains mare satisfactorily the facts relating to 
respiration at low pressures. More direct evidence of the paramount 
importance of CO, in regulating the breathing, whether or not want of 
oxygen is present, will be furnished in a further paper by Mr E. P. 
Poulton and one of us. 

The adaptation to low air-pressures which we have investigated 
is only one of, in all probability, several. There is also the well-known 
gradual increase ip the percentage of hemoglobin; but besides this 
there is almost certainly an adaptation of the circulation. As was 
recently shown by Miss FitzGerald at a meeting of the Pathological 


1 Zuntz, Loewy, Miiller, and Caspari, loc. cit. pp. 443, 444. Zuntz and 
Geppert have put forward a similar theory of the hyperpnea due to muscular exertion. 
The objections to this theory have already been stated by Haldane and Priestley (this 
Journal, xxxu. p. 262. 1905). We think, however, that where muscular work is excessive, 
so that partial muscular asphyxia occurs, the lactic acid formed contributes to the 
stimulus to the respiratory centre. 
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Society of Great Britain, the alveolar CO, pressure is practically normal 
during rest in cases of chlorosis, where the oxygen percentage in the 
blood is often reduced to « third or less—far lower than at the baro- 
metric pressures which we have investigated. This can only be explained 
on the theory that the blood-fiow is sufficiently increased in chlorosis to 
compensate for the deficiency of oxygen in the blood. This adaptation 
must occur slowly, since a sudden reduction of 70°/, in the oxygen- 
carrying power of the blood, as in CO-poisoning, causes unconsciousness 
and probable death. That a similar circulatory adaptation occurs 
gradually at high altitudes seems extremely probable ; but neither this 
adaptation nor the increase of hwmoglobin could raise to more than a 
limited extent the oxygen pressure in the blood passing through the 
tissues, so that respiration could hardly be expected to become normal 
again during rest, as it does in chlorosis. The activity of the lung 
epithelium in absorbing oxygen may also be gradually increased, but 
even this could not be expected to bring back the respirations to normal 
with pressures of less than 300 mm. 

In conclusion, we wish to express our obligation to the Director of 
the Lister Institute for the facilities which he placed at our disposal, 
and to Dr Rowland of the Lister Institute and Mr Ogier Ward for 
the help which they gave us in several of the experiments. 


Part of the expense of apparatus was defrayed by a grant from the Scientific Grants 
Committee of the Royal Society to one of us. 


SUMMARY OF CONCLUSIONS. 


1, When the atmospheric pressure is diminished, the alveolar CO, 
pressure remains constant during short exposures in accordance with 
the law of Haldane and Priestley, till the air-pressure falls to about 
550 mm., or the alveolar oxygen pressure to about 62,mm., but at lower 
air-pressures falls with increasing rapidity. 

2. With long exposures the alveolar CO, pressure begins to fall at 
a less low atmospheric pressure, and at any sufficiently low pressure 
falls considerably further than with short exposures, the alveolar oxygen 
pressure being thus rendered correspondingly higher, so that the process 
is one of gradual adaptation to low pressures or great altitudes. 

3. The fall in alveolar CO, pressure is due to hyperpncea dependent 
on the low alveolar oxygen pressure, and is entirely absent if oxygen is 
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added to the air, so as to prevent excessive fall of alveolar oxygen 
pressure. 

4. This hyperpnosa is not immediately due to want of oxygen, 
since it takes some time to develope, and may remain for days after the 
want of oxygen has been removed. It is probably due to the gradual 
formation, in consequence of insufficient oxygen supply, of lactic acid 
or other substances which have the same influence as CO, on the 
respiratory centre, so that less CO, is required to excite the centre. 

5. When the alveolar oxygen pressure falls to about 30 mm. urgent 
symptoms (marked cyanosis and tendency to fainting) are produced. 

6. At both high and low atmospheric pressures the breathing is so 
regulated as to maintain a certain pressure of CO, in the alveolar air ; 
but as this pressure is lower at very low barometric pressure than 


normal or high barometric pressures, the lung ventilation is.increased 


low barometric pressures, and excessive fall in the alveolar oxygen 
pressure is thus prevented. 

7. Exposure to cold causes a slight rise, and to heat a slight fall, in 
the alveolar CO, pressure. 
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APPENDIX. 
Experiment I. 
Alveolar air 
J. A. EB. B. 
OO, CO, 
Temp. percent. mm.Hg percent. mm.Hg 
165° 672 416 5832 887 | 3.0 770 
560 408 500 #£36°4 
533 88°8 
175° 729 404 698 3887 | g43 501 
722 #@1 701 3889 
772 888 767 #3886 
790 897 $790 #£89°7 
773 3889 
183° 860 3892 842 #£=384 
844 885 830 878 | 5.4 2356 
838 381 848 # 
18‘7° 878 861 909 # 5.58 772 
895 868 864 £3855 
884 86°3 
891 821 898 
894 823 904 82°6 
18°6° 505 3868 547 
518 877 647 
547 893 5°48 89° 
568 
5°36 89-0 


19° 


19°7° 
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a Experiment II. 
Alveolar air 
_Aivectar 
ABB. | 
O05 00, | 
; Time Pressure Temp. percent. mm.Hg percent. mm.Hg ) 
556 402 557 40° 
529 38:3 
2.56 601 40807 885 88-0 
840 882 861 
4 8.34 6549 851 887 869 39% 
885 880 884 402 
8-74 39° 
«6898062878 
| 850 263 996 309 
q (457 478 847 547 89°7 
514 873 522 379 
509 369 5538 40°1 
4 407 5°27 88°3 
520 877 
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Kaperiment 
Alveolar air 
Time Pressure Temp. percent. mm.Mg percent. mm. Hg percent. mm. Hg percent. mm. Hg percent. mm. Hg 
8.80 7738 21° 87°9 
3.48 642 22° 650 387 669 # 663 388 #£14°86 87°6 
4.16 541 22° 758 873 7°90 89-1 7°37 = 11°21 55°56 
4.47 425 22°5° 885 3388 9972 «869 936 6853 10°26 889 
6.25 778 23° 5°14 668 409 510 8772 
Experiment IV. 
130 774 16° 548 89°4 14°82 1079 518 1186 
5660 408 5622 879 1526 
567 412 
242 (178° 694 412 619 366 16:17 901 
679 403 632 3875 1400 8382 
a 681 40°4 
680 40°4 13°34 79°2 
8.40 £4588 19° 788 389 #842 £«4i1°4 735 3864 £12°58 619 
848 418 1298 60% 726 3859 1250 61% 
4.21 458 19°5° 850 850 971 400 8°64 856 11°35 46°7 
908 3872 10°99 45°3 8°69 35°8 
912 876 1098 452 
9°30 
65 74 18 563 408 508 386°8 
497 360 
Experiment V. 
| Alveolar air 
: “J. A. B. B. R. 0. W. 
Time Pressure Temp. percent. mm. Hg per cent. mm. Hg per cent. mm. Hg 
1,30 738 5°69 40°8 5°14 36°8 5°41 88°8 
5°38 88°6 5°54 39°7 
5°35 88°4 
8.0 563 20° 7-09 89°7 771 39°9 7°64 89°5 


7°30 87-7 7°64 39°5 

9°43 9°67 9°79 87°3 
9°42 85-7 9-69 36-9 

4.14 7163 21° 5-82 88-1 5°50 39°4 5°59 400 
561 40-2 
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Time Pressure Temp. percent. mm. Hg 


A. BE. BOYOOTT AND J. 8S. HALDANE. 


Eaperiment VI. 
Alveolar air 


20 769 18° 5°78 
5°79 
5°85 

8.25 620 19° 6-98 
6°81 

440 495 20° 8°77 
8°83 

5.28 768 6°60 
562 

Time Pressure 

1.30 761 

2.27 494 

2.52 549 

8.15 597 

3.87 648 

4.0 697 

4.16 761 

Time Pressure 
2.11 771 
2.42 470 | 
2.58 526 
8.12 573 
8.27 621 
8.45 672 
43 770 


per cent. mm. Hg percent. mm. Hg 


41-4 1429 1083 516 873 
419 1485 174 861 
423 1465 1060 
998 1845 772 639 866 1807 75-0 
1846 778 645 871 1824 
652 875 1850 77% 
$94 1168 #524 802 860 1146 61°5 
896 1101 494 =%799 859 1198 658° 
40°4 535 
40°6 528 88-1 
Eaperiment VII. 
Alveolar air. A. B. B. 
Temp. COs per cent. CO, mm. Hg (mean) 
18-7—19°0 5°66, 6°74, 5°45 40-2 
18-0—19°8 8°59, 8°51, 8°43 88-1 
20-6—19°6 7°70, 7°18, 7°56 37°6 
20°8—20-0 7-01, 7°17, 6°80 38°65 
21-0—20°4 6°79, 6°89, 6°55 39°6 
21-4—20°2 5-98, 5°90 88°5 
21-8—20°8 5°65, 5°38 39°4 
Experiment VIII. 
veolar air. A. E. B. 
Temp. CO, percent, CO, mm. Hg (mean) 
17-4—18°4 5°57, 6-41 39°8 
9°28, 9°06 38-9 
20-0—18°8 8°44, 8°83 40°83 
20°0—19-0 7°80, 7°50 40°38 
20°4—19°2 7°28, 7-01 
20-4—20°5 6°55, 6°28 
21-2—19°8 5°60, 5°69 40°9 


Observations of Alveolar CO, in different experiments under high 
atmospheric pressure (A. E. B.). 


per cent. 


Pressure mm, Hg. 


o 


2285 


1°49 
170 
2°21 
2-70 
3°22 
8-83 
551 


‘ 


= mm. Hg. 


41°4 


A. BE. B. R. 0. W. 
CO, Og CO, 
2830 
2330 
isl 39-0 
40°6 
40°1 
87°8 
39°5 
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ALVEOLAR AIR ON MONTE ROSA. 
By R. OGIER WARD, B.A., Oxford’. 


THE object of these experiments was to compare the effects upon the 
composition of alveolar air, produced by living at great altitudes, with 
such variations as are obtained by artificially altering the barometric | 
pressure, with special reference to experiments made by Haldane 
and Boycott at the Lister Institute, in some of which I had the 
opportunity of taking part (see preceding paper). — 

All the determinations were made by the method of Haldane and 
Priestley and with the Haldane gas analysis apparatus. 

A fortnight was devoted to determining the normal tension of 
carbonic acid in R. O. W.’s alveolar air under ordinary barometric 
pressures in London. 

It was found to be:— 


Bar. Mean CO, °/, —_—_ No, of exps. Max. variation 
5-22 87-7 20 “40-5 to mms. Hg. 
The oxygen was only determined in a few cases and was found to be : 
: Tension of O, 
Mean Oy mms. Hg. 
15°12 109-0 
values which agree closely with those calculated from the CO, : 
Tension of O, 
Mean 0, %/, mms. Hg. 
14°79 106°9 


Further experiments made more recently have confirmed these results. 


At the same time the normal hemoglobin was determined with a 
standardized Gowers’ hemoglobinometer, and the normal blood- 
pressure with Martin’s modification of the Riva Rocci apparatus. 
These were found to be :—Subject, R. O. W.; Hemoglobin 101; Blood- 
Pressure 109 mm. 

On July 25th, 1907, a move was made from London to Switzerland 
and a week was spent at Zermatt (alt. 5815 ft.), during which time the 
experiments were continued. Table I gives the results :— 


* Nominated by the Royal Society to the International Laboratory on Monte Rosa. 
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It will be seen that although the CO, percentage has risen slightly, 
the fall of barometric pressure from 769 mms. to 633 mms. has caused 
a considerable drop in the partial pressure of CO,, which is now 342 
mms. as against a normal of 37°7 in London. The oxygen percentage 
has also fallen from a normal 15°12°/, (109 mms. Hg) to 13°90°/, 
(81 mms.). 

The first experiment was made within about 27 hours of arrival, and 
the change seems to have been complete by this time, since the figures 
for the following days show only slight irregularities. There has been 
no change in the amount of hwmoglobin, and the blood-pressures con- 
tinue normal. 

The exercise taken was almost entirely in the form of climbing ; the 
total time for each expedition is given in the table. 

On August 2nd R. O. W., W. D. H., G. A. H. with guides and porters 
moved towards Monte Rosa; the night was spent at the Bétemps Hut 
(alt. 8860 ft.), an early start was made next morning and the Capanna 
Regina Margherita on the summit (alt. 14,965 ft.) was reached at 7.55 
a.m. after 6 hrs. of somewhat laborious ascent. R. O. W. and W. D. H. 
remained at the hut, whilst G. A. H. descended. 

The next table gives the results of experiments on R. O. W. made 
during the seven days spent on the summit. Exercise consisted in the 
ascents of the surrounding peaks. 

It will be noticed that although the CO, percentage has risen from a 
mean of 5°84°/, at Zermatt (Table I) to 7°18 °*/,, the lowered barometric 
pressure has caused the CO, tension to fall from 34°2 at. Zermatt to 28°5 
mms., and the oxygen tension from 81°6 mms. (Table I) to 49°8 mms. | 

In the first experiment, made three hours after arrival, the CO, 
tension is 30°6 mms., only slightly above the mean for the succeeding 
days, and since this same value occurs on August 5th and 6th all 
change seems to have been complete in the first few hours and the table 
cannot be said to show any continued adaptation to the altered conditions 
of pressure. 

On August 3rd, the day of arrival, R. O. W. experienced in a slight 
degree symptoms, such as shortness of breath, headache, chilliness, which 
may be attributed to the effect of altitude; these however passed off, 
but were succeeded on the following day by a severe bilious attack which 
came on during the night and lasted twenty-four hours. Reference to 
Table II will show that this disturbance, which undoubtedly was a variety 
of mountain sickness, is not represented in the figures, since in the first 


experiment of the day (Aug. 4th, 9.25 a.m.), which was made during the 
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most severe part of the attack, the OO, tension is 27-4 mms., and this is 
not so low as that obtained on Aug. 9th: also the O, tension, 48°0 mms., 
is repeated two days later. From this it would seen that an adaptation 
to maintain the supply of oxygen which was sufficient to keep R. O. W. 
well during the rest of the week in the hut, was however not enough to 
prevent an attack of mountain sickness. Similar results will be seen in 
the case of W. D. H. 

The amount of hemoglobin in the blood found on the day of arrival 
is in excess of that obtained at Zermatt, and this rise continued slowly 
during the week, reaching 115 on August 9th. This may be connected 
with the somewhat higher percentages of oxygen shown in the latter 
part of the table. For short periods, however, this secondary com- 
pensation cannot be of much importance, being overshadowed by the 
increasing falling off of bodily fitness, a fact which was appreciable 
even at this altitude. 

Whenever expeditions were made R. O. W, and W. D. H. always 
experienced the same shortness of breath during the ascent of the last 
200 feet to the hut as on the first occasion, These considerations in 
conjunction with the fact that the tables show no continued improve- 
ment in the composition of alveglar air, support the opinion that during 
the ascent of a big mountain it is inadvisable to stay longer than 
necessary at a high camp (E. A. Fitzgerald, T. G. Longstaff). It 
will be seen that the blood-pressures remained quite normal, which may 
_ be taken as an indication of general fair condition. 

On August 9th G. A. H. reached the hut with guide and porter, and 
the following morning at 7.45 a.m. the descent was begun, the party was 
off the snow by 10.0 a.m., and to avoid fatigue as much as possible the 
rest of the journey was not hurried, Zermatt being reached at about 
3.30 p.m. Table III gives the results of experiments made during the 
next week. 

Tt will be seen at once that a return to higher barometric pressures 
has not restored the composition of alveolar air to the normal previously 
found for Zermatt. 

To consider the first determination (6.40 p.m.); the CO, percentage 
is now 4°90 °/,, whereas the mean obtained in Table I was 5°84 °/,; this 
has caused the CO, tension to fall, this being now 28°7 instead of 342. 
As a result of this low CO, percentage the oxygen percentage has risen, 
being now 15°51 °/, as against 13:90 °/, in Table I, thus giving an oxygen 
tension of 91°0 mms. which is 9°4 mms. above what was previously 
determined to be the normal for Zermatt, 81°6 mms. In short the 
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alveolar air now contains an abnormally small amount of CO, and an 
excessive amount of oxygen. 

A second experiment made immediately afterwards (6.50 p.m.) will 
be seen to support these figures. 

It should be noticed that the CO, tension in the first experiment is 
almost exactly the same as the normal found for Monte Rosa, a point 
which will be discussed later. 

Two more experiments were made the same night; in these the 
percentages of CO, and oxygen have varied towards the normal. On 
the next day, however, the CO, percentages and tensions are again low, 
though showing a tendency to rise, which continues till August 12th. 

It will be noticed that on August 14th the results of the three 
experiments once more resemble the first determinations made after the 
descent. This may perhaps be explained by the fact that the night of 
August 12th was spent in the Weisshorn hut (alt, 9380 ft.) and on the 
morning of the 13th the mountain itself was ascended (alt. 14,804 ft.), 
the altitude probably encouraging a return to the conditions produced 
by the stay on Monte Rosa. 

From this date onwards a continuous rise of CO, and fall of oxygen 
percentage will be seen, though in seven days after descending from 
Monte Rosa the normal for Zermatt had not been reached. 

No further experiments were made till November: the results 
obtained then in Oxford will be seen to agree with the normal as 
found in London in July. 


752 5-33 876 
752 5°31 87°5 
752 5°30 
758 5°42 88-3 
753 5°83 B77 
Means : 752 5°34 87-7 


Table IIT also shows a slow fall in the amount of haemoglobin which, 
however, was still high after six days at Zermatt. It also gives a normal 
blood-pressure obtained on the evening of the descent. 

Table IV gives the experiments made on W. D. H. who was with 
R. O. W. at Zermatt and on Monte Rosa. 

Whilst these figures resemble in their chief features those obtained 
in the case of R. O. W. yet a comparison of this table with Table II 
will show that the favourable variations between Zermatt and Monte 
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Rosa are here not so marked. Thus the CO, percentage has changed 
from about 6°12 °/, at Zermatt to a mean of 8°04°/,, a rise of 1°92, 
whereas in the case of R. O. W. there was only a rise of 1°34 in the 
percentage of CO,. Consequently the fall in CO, tension is also less, 
being only about 3°7 mms. for W. D. H. as against a drop of 57 mms. 
for R.O. W. The important result of this alteration is that whereas 
at Monte Rosa R. O. W. had a mean oxygen percentage of 12°55 °/, 
(49 mms.), for W. D. H. the percentage is only 11°23 °/, and the tension 
44°7 mms.: that is he had 11°/, less oxygen in his alveolar air than 
R. O. W. 

It will also be seen from the table that in this case also on returning 
to Zermatt the alveolar air did not at once regain its previous com- 
position, as indicated by the CO, tension. 

As regards symptoms, those of W. D. H. were on the whole more 
severe than those of R. O. W. He suffered from mountain sickness 
more acutely. During the first night at Monte Rosa he was sick three 
times, on each occasion waking up with a sense of suffocation; and 
several times in the evenings of the first two or three days at the hut 
he was observed to be slightly cyanosed when sitting still. R.O. W. 
on the other hand was only troubled by the bilious attack mentioned. 
It may be added that W. D. H. was undoubtedly the better physically 
trained of the two. The exercise taken was the same for both. 


TABLE V. 
Subject: G. A. Hutchinson. 
end of end of Mean Mean 
July 80° p.m. 5-93 5°89 84-1 
11.85 p.m. 6°10 5°93 601 84°9 
6:18 5°92 6°05 35°2 
At Capanna Regina Margherita :— 
Aug. 3* 8.30 a.m. 7°79 7°38 7°58 fre 
9 1380p.m. 785 761 7°68 306 
1,40 p.m. 8-06 7°90 81°5 
At Zermatt :— 
Aug.10 6.25 p.m. 5°58 5°12 81°4 
ll 6.25 p.m. 5°42 507 524 80°8 
14 12.15 p.m. 5°49 5°29 5°89 


* Descended the same morning to the Riffelhaus. On Aug. 9th ascended to the 
Margherita Hut, climbing the Lyskamm on the way, and arriving at 11.80 a.m. 
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Table V gives the results of experiments made on G. A. H. who 
accompanied R, O, W. and W. D. H. to Monte Rosa. He went down 
the same morning, returning on August 9th to assist in the descent 
next day. 

The changes in the CO, tension, which will be seen to fall from 
about 349 mm. to about 30°6 mm., are more marked than in the case 
of W. D. H. and resemble those for R. O. W. 

The following is a summary of results : 


TABLE VI. 
Subject : BR. O. W. 


Monte Rosa (mean) 443°5 28°5 


F 
& 


Means 

Table VI makes it clear that the composition of alveolar air is very 
differently affected by short experimental diminution of barometric 
pressure, and by an actual ascent to an equivalent height. 

Thus whilst it will be seen that as a result of a move from London 
to Zermatt the CO, tension falls from a mean of 37°7 to 34:2 mms., it 
will also be seen that in the short experiments at the Lister Institute, a 
lowering of the barometric pressure to 628 mms., more than equivalent 
to the height of Zermatt, only caused the tension to fall to 371 mms. 
Furthermore under a barometric pressure reduced experimentally to 
494 mms., not only is the CO, tension (now 35°9) far greater than the 
mean for Monte Rosa, but it has not even fallen to the figure found for 
Zermatt. | 
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Lister tute, 
Tension of CO, Tension of CO, 
London (mean) 769 87°7 
Zermatt (mean) 633 34°2 
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The chief point of difference between the two sets of experiments is 
doubtless the length of time given to the ascent. 

It would seem that under a short experimental lowering of baro- 
metric pressure the organisin does not have time to complete its reaction 
to altered conditions. How long may be required for this the experi- 
ments do not show, but that, fora rise of 9650 @. from Zermatt to Monte 
Rosa, it cannot be more than 20 hours, is proved by the fact that, in the 
case of R. O. W., only this time elapsed between the last experiment at 
Zermatt and the first at Monte Rosa; and reference to Table II shows 
that no further definite alteration was observed. It must be remem- 
bered, however, that here the change may have been accelerated by the 
effort of climbing. The lower room temperatures at the Capanna 
Regina Margherita cannot afford an explanation of these differences, 
since the usual effect of cold upon the alveolar air is to raise the CO, 


- tension. 


At least one form of adaptation is shown by these experiments. If 
at an altitude of 14,965 ft. the CO, tension continued at that figure 
which is constant for sea level, for R. O. W. 37°7 mms., then the 
percentage of CO, in the alveolar air would be 9°5 °/,, a condition which 
would give an oxygen percentage of about 9°8 °/,, thus producing an 
oxygen tension as low as 39°0 mms. 

As we have seen, the CO, tension actually falls so that the percentage 
of CO, does not reach this high figure, and in this way the oxygen 
percentage and tension are kept up at a level more approaching the 
normal for ordinary barometric pressures; thus on Monte Rosa in the 
case of R. O. W. the oxygen percentage only dropped to 12°55 °/, and 
the tension to 49°8 mms, 

A comparison of Tables II and IV will show that the figures fully 
account for the fact that W. D. H. suffered most discomfort while on 
Monte Rosa, although of the two he was distinctly in better physical 
condition, for, as has been pointed out, his alveolar air always contained 
less oxygen than that of R. O. W. | 

Since the observations on Monte Rosa were made, a long experi- 


- ment under low pressure has been carried out in the steel chamber 


at the Lister Institute, with myself as the subject. The results are 
shown graphically in Fig. 5 of the preceding paper by Boycott and 
Haldane. This experiment shows clearly that there was a continuous 
fall in the alveolar CO, tension during the first two or three hours 
of exposure to the lower pressure, and that 20 hours later there was only 
a slight further increase in this fall: also that on returning to normal 
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barometric pressure it took from one to two days for the alveolar CO, 
tension to return to its normal value, Long exposure in the chamber 
thus gives results very similar to those observed at Zermatt and Monte 
Rosa. In the chamber at 540 mm. air-pressure the fall in alveolar CO, 
pressure was about 6 mm., as compared with about 9 mm. on Monte Rosa 
at 447 mm. air-pressure. Allowing for the difference in air-pressure, the 
effect in the chamber seemed, therefore, to be fully as great as on the 
mountains, if not greater. It was remarkable that in spite of very 
free ventilation, comfortable accommodation, and absence of muscular 
fatigue, nausea and sleeplessness were produced in the chamber with a 
fall of pressure to only 540 mm. We had purposely not gone further, 
with a view to avoiding mountain sickness; but probably this was 
brought on more readily in the chamber on account of the far more 
rapid fall in pressure than occurs in mounting climbing. 

It is doubtless a fortunate circumstance for mountaineers that the 
effects on respiration of exposure to high altitudes take so long to pass 
off : for the consequence is that the beneficial effects of descending are 
very promptly felt. At a given altitude on the descent the alveolar 
oxygen pressure will probably be higher than at the same altitude on 
the ascent, with corresponding relief to the symptoms. 

A farther general discussion of the results is contained in the 
preceding paper by Boycott and Haldane. 

The writer expresses his sincere thanks to Professor A. Mosso who 
kindly allowed him the use of the laboratory in the Capanna Regina 
Margherita, and also to the Director of the Lister Institute of Pre- 
ventive Medicine. 

-The gas avalysis apparatus was kindly lent by Professor Gotch. 
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THE EFFECTS OF WANT OF OXYGEN ON RESPIRA- 
TION. By J. 8S. HALDANE, MD., FRS, ann E P. 
POULTON, B.A. 


(From the Physiological Laboratory, Oxford.) 


Ir is well known that the breathing of air containing a low percentage 
of oxygen may produce extreme hyperpneea before consciousness is lost. 
Graphic records of this hyperpneea in man, with oxygen percentages 
varying from 12 to 5°7°/,, were published by Haldane and Lorrain 
Smith’. These records and the description of the experiments, which 
were of short duration, show that the hyperpnoa was very violent with 
5°7 */,, and extremely marked with 8 °/,. 

On the other hand, it is equally well known that in balloon ascents, 
experiments in pressure chambers, CO poisoning, etc., consciousness 
may be lost without any preceding marked hyperpnaa, though the loss 
of consciousness is without the smallest doubt due to want of oxygen. 
An example of this is recorded by Boycott and Haldane’ in an 
experiment in the steel chamber at the Lister Institute. Complete loss 
of consciousness without any noticeable signs of preceding hyperpnea, 
has also been observed by one of us in a student of physiology who was 
performing the class experiment of re-breathing the air of a bag through 
soda-lime, so as to demonstrate the effects of gradually increasing want 
of oxygen apart from those of a simultaneous increase in the CO, 
percentage. He showed the usual marked cyanosis, but did not even 
notice any discomfort or show any signs of byperpneea. 

The differences in the effects of want of oxygen on respiration 
under varying conditions of experiment do not hitherto seem to have 
been investigated, or even noted; and the commonly accepted opinion 
seems to be that want of oxygen is a direct stimulus to the respiratory 
centre, just as excess of CO, is: also that the stimulus of want of 
oxygen acts on the respiratory centre quite independently of that of 
excess of CO, The object of our investigation has been to clear up 


1 Journal of Pathol. and Bacteriol. 1. p. 168. 1892. 
-% This Journal, p. 855. 1908. 
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the apparent anomalies in the action of want of oxygen, and to throw 
further light on its mode of action on the respiratory centre. With 
this end in view it was evidently necessary to investigate the composi- 
tion of the alveolar air in connection with the symptoms produced by 
want of oxygen, and for this purpose we have used the method of 
Haldane and Priestley, with the same experimental procedure as was 
employed by Boycott and Haldane in investigating the effects of low 
atmospheric pressures. 

As we were at first very much in the dark as to the apparent 
anomalies in the effects of want of oxygen we found it necessary to 
make numerous pioneering experiments. It seems only necessary, 
however, to quote typical results, establishing the conclusions to which 
we have been led’. 

The arrangement employed in most of the experiments was as 
follows (see Diagram). The subject inspired through a short flexible 
tube connected with a close-fitting metal valve which separated the 


Fig. 1. Diagram of arrangement for investigating effects of want of oxygen. 


inspired from the expired air, and caused no appreciable resistance, The 
inspired air was drawn from a gas-bag or specially fitted wooden or 
metal box containing the mixture to be tested: the expired air was 
returned by a separate tube to this bag, and when required was 
completely purified from CO, by passage through a tin containing 


1 These conclugions were communicated at the Oxford meeting of the Physiological 
Society, June 1908, and typical experiments were demonstrated. 


4 
¥ 
+ 
\ 
OH: - 
' 
ag 
Mouthpiece 
as burette 3 
£ 
F 


392 J. 8. HALDANE AND E. P. POULTON. 


fragments of caustic soda. Into the inspiratory tube was fitted air- 
tight a capillary glass tube through which a sample of the inspired air 
could be drawn straight into the burette of the gas analysis apparatus ; 
and by a similar arrangement on the expiratory tube a sample of the 
alveolar air could be obtained and analysed. 

With this arrangement the air in the bag would evidently become 
progressively vitiated by absorption of oxygen, with or without a 
corresponding increase in the percentage of CO,.. By varying the size 
of, or volume of air contained in, the bag, or by the following alternative 
arrangement, the rate of vitiation of the air could be controlled at will. 
A wooden or metal box was substituted for the bag. This box was 
provided with an inlet-valve and an additional outlet, through which a 
current of air measured by a gas-meter was: aspirated during the 
experiment. By varying this current of air the vitiation of the air in 
the box could be allowed to proceed as slowly as was desired. To enable 
the subject of the experiment to breathe freely, a small bag, weighted 
to produce a very slight positive pressure, was connected by wide-bore 
tubing with the interior of the box. The whole arrangement was kept 
air-tight, and the various tubes, etc., were sufficiently wide to prevent 
any discomfort from resistatice to the passage of air. When a record of 


the breathing was desired, it was obtained by means of a stethograph © 


consisting of a tape passed round the chest and attached at both sides 
to the rubber membranes of a specially shaped drum, which in its turn 
communicated by a flexible tube with a large-sized Marey’s drum, 
arranged to record on a smoked cylinder. This arrangement, which 
was recommended to us by Dr C. J. Martin, answered admirably, 
although, of course, a stethograph does not give strictly quantitative 
records uf the volume of air breathed. 

We may first refer to the results of short experiments with a rapidly 
diminishing oxygen percentage in the inspired air. In these experi- 
ments the usual great hyperpnea was produced in both-of us, beginning 
to be appreciable when the oxygen percentage in the air breathed fell 
to about 11 or 12°/,, and becoming very great when the percentage fell 
to about 6°/,. The hyperpnea was accompanied by more or less 
confusion of the mind, palpitation, and twitching of the arms, lips, etc., 
so that it was difficult to continue the experiment further without risk 
of air from outside getting in past the lips, or mistakes in taking the 
samples of air at the end. The sample of alveolar air was taken from 
a last deep breath expired through the mouth-piece, which was then 
closed with the tongue, so as to permit of breathing pure air. A 
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sample of the inspired air was then taken from the inspiratory tube. 
The following are the notes of three experiments : 


Euperiment I. (3.8. H.). 
At beginning bag filled with about 25 litres of air containing 0-00 °/, CO, and 10-84 °/, 
O,. 


Inspired air Alveolar air Difference 
0, 671%, 174% 1-54 


Face blue, much hyperpnea, mouth twitching but no extreme distress. The respiratory 
quotient in this and other experiments is corrected for the increase or diminution in volume 
of the air during respiration. After again breathing normal air for 13’ the alveolar air con- 
tained 5°35 °/, CO, and 12°80 %/, 0,. RB. Q.=°60. 


Buperiment II. (B. P. P.). 
At beginning bag filled with about 25 litres of air containing 0-00°/, CO, and 9-00°/, O,. 


Inspired air Alveolar air Difference 
, 6-18 4-36 °/ 1°82 °/ 


Hyperpneea and blueness of face. No extreme distress. 


Experiment ITT. (J. 8. H1.). 
At beginning bag contained about 6 litres of expired air deprived of CO,. 


Inspired air Alveolar air Difference 
0, 4°84 8°70 1-14 


At end very blue and confused. Great hyperpnea and distress, much twitching, which 
became very violent on re-breathing air. 2 later alveolar CO,=5-36 °/,, 30’ later alveolar 


CO,=5°76 


It will be seen from these experiments that when the alveolar 
oxygeh percentage fell to about 4°/,, corresponding to a partial pressure 
of about 28 mm. of mercury, extreme symptoms of want of oxygen 
were observed, as well as great hyperpnea. The very high respiratory 
quotients indicate that CO, was being removed from the body far faster 
than oxygen was being absorbed. The excess of preformed CO, was 
evidently being rapidly washed out of the blood by the great hyper- 
pnoea, so that the percentage of CO, in the alveolar air was (in the last 
experiment) about thrice as high as would otherwise have been the — 
case. Nevertheless this percentage was much lower than in normal 
alveolar air. Thus there was only 3°21°/, CO, (corresponding to 
22°5 mm. of partial pressure) in the last experiment, compared with — 
the normal for J. 8. H. of about 5°6°/, (39°5 mm. of pressure). It will 
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also be noted that the alveolar CO, percentage did not come back to 
normal at once after air was again breathed, but remained low for some 
time. There was also an abnormally low respiratory quotient after the 
experiment, corresponding to the abnormally high one immediately 
before, and indicating that CO, was again accumulating to the normal 
extent in the blood. 

The results of longer experiments will now be considered. In these 
the wooden box arrangement was used, with an air-current through it 
of about 14 to 2 litres per minute, so that the oxygen percentage fell 
very slowly in the air of the box, which was filled at the beginning with 
a mixture of about 10 to 12°/, of oxygen and 90 to 88°/, of nitrogen. 


oy 


Eaperiment IV. (J. 8. H.). 
After 44° inspired air { 12°70 


Inspired air Alveolar air Difference 
9°22 466 °/ 4°56 


Face blue, and much twitching. No noticeable hyperpnea. Sounds became much 
louder when air was again breathed. The colour of the face at the same time changed 


rapidly from blue to red. 

Eaperiment V. (J. 8. H.). 
After 4° inspired air { = 000, 
=] 

” 173 ” ” CO,= 0-00 

Inspired air Alveolar air Difference 

» O78 4°80 °/ 4°98 9 

Face blue and twitching of hands, lips and body. No hyperpnoa observed. 


Experiment VI. (J. 8. H.). 
After 7’. Face blue: beginning to twitch a little. 


19’. Marked twitching. Nohyperpnes. 
; Inspired air Alveolar air © Difference 
, {0, 10°14 4°83 5°31 


Felt very queer. After beginning to breathe air again a short apnoea was observed. 
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Buperiment VII. (3.8. HL). 
On first breathing the mixture slight hyperpnwa was noticed. 
After 34’ hyperpnma disappearing. 

” 5 beginning to twitch. 


Inspired air Alveolar air Difference 
9-41 °/ 4-62 °/ 4-79 
0-00 °/, 4-23 °), 


No hyperpnea. More confused than in last experiment. No apnea after again 
breathing pure air. 


These results contrast in several respects with the short experiments, 
(1) there was no noticeable hyperpneea: (2) marked symptoms of want 
of oxygen, sufficient in intensity to stop the experiments, were observed 
with a far higher percentage of oxygen in the inspired air: (3) neither 
the percentage of O, nor that of CO, in the alveolar air fell so low as 
in the short experiments: (4) the respiratory quotient was a normal 
one, whereas in the short experiments the quotient was about three 
times the normal. 

Some measure of the hyperpneea is afforded by the difference between 
the oxygen percentages in the inspired and alveolar air. Under normal 
conditions this difference for J.S. H. is usually about. 6°4°/,, whereas at 
the end_of the short experiments it was only about 1°3°/,, so that the 
alveolar ventilation was about five times as great as what would have 
been normal for the rate of respiratory exchange at the time. Un- 
doubtedly, also, the rate of respiratory exchange was itself considerably 
increased .by the exertion of panting. The high respiratory quotient is 
only what might be expected under these circumstances: for the 
increased breathing would tend to wash out large quantities of pre- 
formed CO, from the blood, and thus cause a large temporary increase 
in the respiratory quotient, and a much higher alveolar CO, percentage 
than would otherwise exist. The great hyperpnwa also explains why 
want of oxygen in the inspired air was tolerated so much better in the 
short experiments: for evidently the hyperpnea raised the alveolar 
oxygen percentage and thus prevented the occurrence of serious symptoms 


= ofwant of oxygen until the oxygen percentage. in the inspired air fell 


to a very low point. 

In the long experiments there was also slight hyperpnea, as is 
shown by the fact that the difference in oxygen percentage between the 
inspired and alveolar air was less than normal (about 4°9, instead of 6°4); 
but the experiments were so slow that preformed CO, had plenty of 
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time to escape gradually, without markedly altering the respiratory 
quotient, 

These facts at once suggest the idea that the marked hyperpneea in 
the short experiments is due to the excess of CO, which has not yet had 
time to escape from the blood. From the experiments of Haldane 
and Priestley and others described below, it appears that a fall of about 
0-2 or 03°, in the alveolar CO, percentage, or 1°5 millimetres in the 
CO, pressure, would be sufficient, if kept up, to produce apnea. In 
the short experiments, however, there was a far greater fall (about 
17°/, for J. S. H.), so that it might appear, at first sight, as if the 
partial pressure of CO, was far too low in these experiments to have 
any exciting influence whatsoever on the respiratory centre. Boycott 
and Haldane have shown, however, that there is every reason to 
believe that lactic or other acids, formed in the tissues as a consequence 
of want of oxygen, act along with CO, in exciting the centre, so that 
less free CO, than before is required to excite the centre. On this 
assumption it becomes at once easy to understand why the preformed 
CO, which has not time to escape from the body in the short experi- 
ments should excite the respiratory centre so violently. The diminished 
alkalinity of the blood lowers the threshold pressure of CO, required to 
stimulate the centre; and when this occurs rapidly and progressively 
the centre is powerfully stimulated by CO,, since the breathing cannot 
remove preformed CO, from the blood with sufficient rapidity to prevent 
the pressure of CO, in the arterial blood from being considerably above 
the threshold value. An explanation is thus furnished of why, with 
’ only about 4°/, of CO, in the alveolar air, the respiratory centre may 
be as violently excited by CO, as with a rise of 1°/, or more above 
the normal alveolar CO, percentage when plenty of oxygen is present. 

In Exp. VII evident hyperpnoea was at first noticed on breathing the 
mixture, but soon disappeared, although the oxygen percentage was 
continuously falling. The elimination of preformed CO, had evidently 
caught up very soon the alteration in the threshold exciting value of 
the alveolar CO, 

If the explanation just given is the correct one, it ought to be possible 
by previously washing out preformed CO, from the blood, to avoid the 
effect on the respiratory centre of a rapidly produced deficiency of 
oxygen; and we have made many experiments on this point’. Pre- 
_ 7 In many persons forced breathing soon produces pleasan 
These were so marked in the case of E. P.P. that he often found i: aimoul ape ea 
experiment. After about a minute of forced breathing he began to feel tingling in the 
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formed CO, is rapidly washed out of the blood and tissues by forced 
breathing. This fact may easily be verified by analyses of the expired 
or alveolar air. For example, at the end of forced breathing of air for 
two minutes the alveolar air contained 2°20 */, of CO, and 19°60°/, of O,. 
The CO, was thus 2°17 °/, in excess and the O, 1°33°%/, deficient. The 
corrected respiratory quotient was therefore 1-96, so that large quantities 
of preformed CO, were still being washed out by the forced breathing. 

During the apnoea which follows forced breathing, and for some time 
afterwards, OO, is again accumulating in the blood and tissues, as is 
shown by the fact that the respiratory quotient is now abnormally low. 
Thus a sample of alveolar air taken during the apnea, one minute after 
the cessation of forced breathing of air, contained 4°09°/, of CO, and 
10°66 °/, of O,. During the apnea, therefore (since there would be 
about 2°/, of CO, and 19°5°/, of O, in the alveolar air at the end of the 
forced breathing) the alveolar air had gained about 2°/, of CO, and lost 
about 9°/, of oxygen, which gives a corrected respiratory quotient of 
about 0°16 during the first minute of the apnea. To take another 
example, the corrected R. Q. for the total period (two minutes) of apnea, 
following forced breathing for 24 minutes, was about 0°16, calculated 
from the composition of the alveolar air. After breathing ajr naturally . 
for half a minute the alveolar air gave a respiratory quotient of *42: 24 
minutes later the respiratory quotient was ‘62; and 27 minutes later it 
was °83, a normal figure. It is clear from this example, which was only 
one of several similar experiments, that for some minutes after the 
apnoea had ceased CO, was accumulating in the body. The alveolar 
oxygen percentage was abnormally low, although the alveolar CO, per- 


hands, and sometimes to a slight extent in the feet. This became very painful, the pain 
reaching a maximum usually about half a minute after the apnea had begun. The tingling 
was accompanied by numbness and sweating of the hands and a peculiar sense of giddiness 
and “abnormality” almost resembling the effects of anoxhemia. The same symptoms 
were noticed by J. R. K. M., but except for the feeling of “abnormality” were almost 
absent. in J. 8. H., even after 5 minutes of forced breathing. Dr C.J. Martin, who has 
also observed the tingling &c. during forced breathing, informed us that the tingling could 
be avoided by making the experiment in a recumbent position, and this was found by 
E. P. P. to be the case. The apnea and cyanosis were produced quite as well as in the 
upright position. Foreed breathing has sometimes been employed for producing a con- 
dition of partial anesthesia for slight operations. Deficiency of CO, appears to produce a 
condition of diminished excitability ; but the explanation of the tingling sensations is by 
no means clear, Yandell Henderson (Amer. Journ. of Physiol. xvt. p. 825, and xx1. 
p- 128. 1908) has recently shown that prolonged positive artificial ventilation of the lungs 
produces in animals a condition resembling surgical shock, and accompanied by coma, 
which he attributes entirely to the washing out of CO, from the blood. 
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centage, which regulates the breathing, was about normal, The breath- 

ing was abnormally shallow in felation to the respiratory exchange as 

measured by the-rate of disappearance of oxygen from the alveolar air. 

If forced breathing of air is only continued for a few breaths, the 

alveolar CO, percentage returns to normal again before the alveolar 

| oxygen percentage has had time to fall so low as to be capable of 

| producing any signs of want of oxygen. We may quote some experi- 

ments on this point, as they serve to confirm the conclusions of 

Haldane and Priestleythat the ordinary apnea produced by abnormally 

increased lung ventilation is due simply and solely to a fall in the CO, 

pressure in the alveolar air and consequently also in the arterial blood 

and respiratory centre, so that there is no such thing as what Miescher 

called “apnoea vagi,” and Brown Séquard, Knoll, Head, and others 
believed to be the only form of apnoea in intact animals’. 

The sample of alveolar was taken at, as nearly as could be judged, 

the time when a desire to breathe was first felt after the cessation of the 


forced breathing. 

Duration of Duration _—$—$—$oa«''4 

forced breathing of apnea CO, - 0, 
80 seconds 55 seconds 5°49 12°15 
iss 5-78 10°64 
15 80 ” 590 11-36 
45, 5°75 


It will be seen from these results that the apnoea ended coincidently 
with a rise in the alveolar CO, percentage to a mean of 5°66. This is 


1 As some confusion seems to have arisen on this point we take this opportunity of 
remarking that Haldane and Priestley expressly pointed out that distention of the lungs 
will temporarily arrest respiration even in the midst of violent hyperpnewa due to great 
excess of OO, (This Journal, xxxvi. p. 256. 1905). Their view of the action of the vagus 
nerve in respiration was, as recently stated by Haldane (British Medical Journal, 
Aug. 29, 1908, p. 578), that “the afferent impulses passing up the vagus nerve seem to 
play the same part in regulating the action of the respiratory centre as so-called ‘ muscular 
sense’ impressions do in the regulation of ordinary muscular movements. The vagus, as 
it were, informs the centre that inspiration or expiration is completed, and thus prevents 
undue prolongation of inspiratory or expiratory effort. Hence the breathing is slow and 
laboured after section of the vagi, much useless muscular effort being made.” As a result 
of independent investigations, Scott (This Journal, xxxvi. p. 301, 1908) has reached a 
very similar conclusion, and at the same time thrown much new light on respiration after 
section of the vagi. Haldane and Priestley pointed ont the great improbability, from 
the teleological standpoint, of the existence of such a thing as ‘‘ vagus apnea.” In view 
of a remark by Scott on this point we wish to say that by “vagus apnwa” they meant 
the same as “apnea vagi” in Miescher’s sense, and did not refer to the immediate 
inhibitory vagus action on distention of the lungs. 
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practically the same as the mean normal alveolar CO, percentage of the 
same subject (J. S. H.). The threshold exciting percentage of alveolar 
CO, must thus be very close indeed to the normal alveolar CO, per- 
cen 

When forced breathing is continued for a longer period the apnoea 
lasts much longer, and the oxygen percentage in the alveolar air falls to 
such an extent that for a considerable time before the cessation of the 
apnoea the subject is blue in the face and presents a most alarming 
appearance, although he feels no desire to breathe. When this experi- 
ment was shown for the first time at a meeting of the Physiological 
Society some of those present thought that something was wrong with 
the subject of them (E. P. P.), and could-hardly be hindered from per- 
forming artificial respiration. One or two were so much affected that they 
became faint or sick, and had to retire hastily. The face gradually as- 
sumes the leaden, corpse-like appearance characteristic of great anox- 
hemia, and it may be about a minute after this change begins before 
any desire to breathe is experienced. The result is in marked contrast 
to that observed when the oxygen percentage in the inspired air is 
allowed to fall pretty rapidly, as in Exp. I—III, without any preceding 
forced breathing. In both cases increasing cyanosis is observed, but after 
the forced breathing there is neither hyperpnoea, nor any desire at all 
to breathe, until the cyanosis is extreme, whereas without the forced 
breathing there is marked hyperpnoea as soon as any cyanosis can be 
observed. 

The results of this experiment thus completely confirm the hypo- 
thesis that the great hyperpncea caused by a rapid fall in the oxygen 
percentage of the inspired air is dependent on the presence of preformed 
CO, in the blood. 

The following table shows the composition of the alveolar air at the 
ends of periods of apnoea following forced breathing for two minutes or 
more. The samples were taken as soon as a desire to breathe became 
distinct. In some cases the forced breathing had not been sufficiently 
effective to permit of extreme cyanosis before the end of the apnea, 
as the alveolar oxygen percentage had not fallen below 5 °/,. 

It appeared to be easier to produce extreme cyanosis before the end 
of the apnwa in E. P. P. and J. R. K. M. than in J. S. H. = It will be 
seen from the table that even with five minutes of forced breathing the 
alveolar oxygen percentage did not fall so low in J. 8S. H. as with 2} 
minutes in E, P. P., or 2 minutes with J. R. K. M. A further point is 
that even when the alveolar oxygen percentages had fallen as low as 36 
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E. P. P. 150 105 8°88 5°27 
im 120 105 4-97 5°68 Breath held slightly at end. 
120 185 . 591 5°45 
150 185 4°94 
” 120 125 5°79 577 Breath held a little at end. 
i, 150 120 8-60 5°20 
J. BR. K. M. 120 105 8°52 526 
J. 8. H. 150 115 6-20 5°47 
150 130 5-52 5-80 
210 140 4-81 5-18 
300 130 4-64 - 4-97 
800 150 417 4°78 


in E. P. P., the alveolar CO, percentage had reached, or slightly exceeded, 
the normal value, which was about 50 °/, for E P. P. In J. 8. H., 
on the other hand, the alveolar CO, percentage at the end of apnoea was 
distinctly below normal if the oxygen percentage had fallen below 5 °/,. 
Thus in the last experiment the alveolar CO, */, was 478 as compared 
with the normal for J. S. H. of 5°6. The respiratory centre of J. S. H. 
thus seemed to respond more promptly to the condition produced by want 
of oxygen. A similar observation was made under low atmospheric 
pressure on comparing the reactions of J. 8. H. and A. E. B. to want of 
oxygen (This Journal, p. 362, 1908). This personal peculiarity accounts 
for the more prolonged forced breathing required in J. 8S. H. to produce 
extreme cyanosis during apnea. It would seem that the lactic acid 
produced during anoxhemia reaches, or affects, the respiratory centre 
more rapidly in J. H. than in E. P. P. or A. E. B. The explanation 
may perhaps be that the blood-supply to the muscles, or the respiratory 
centre itself, or some other part of the body, is less perfect in J. 8. H., 
so that this part suffers earlier from want of oxygen, and consequently 
produces lactic acid earlier, with the result that the higher nervous 
centres are protected by the more rapid development of hyperpnea. In 
the experiments with the bag a similar difference between J. S. H. and 
E. P. P. seemed also to manifest itself, as the alveolar CO, percentage 
fell more markedly in J. 8. H. than in E. P. P. This is seen on compar- 
ing Exp. I with Exp. IL! 


? It is probable that when the amount of oxygen in the arterial blood becomes 
extremely low lactic acid is produced in the respiratory centre itself. It is known, at any 
of the maline rapidly turns focus alkaline to of denth, and 

ormation of acid may account for the violent excitatory phenomena seen in asphyxia. 
The slightest change in this direction would doubtless excite the respiratory centre rapidly 
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After the apnea the alveolar CO, percentage rapidly came back to 
normal in J.8.H. Thus after the last experiment quoted in the Table 
the alveolar air contained 5°44 °/, of CO, and 7°41 °/, of oxygen one minute 
after the recommencement, and 5°67 °/, of CO, and 838 °/, of oxygen 
three minutes after the recommencement of breathing. It thus appears 
that the alveolar CO, had returned to normal in less than three minutes 
after the recommencement of breathing, although the breathing was 
still extremely shallow, as shown by the very low alveolar oxygen per- 
centage‘and correspondingly low respiratory quotient. Similar observa- 
tions made after the last experiment but one gave precisely similar 
results. We conclude, therefore, that the extremely short exposure to 
want of oxygen in these apnoea experiments is either not enough to 
produce sufficient lactic acid to excite the respiratory centre, or 
(as in J. 8. H.) produces so little that its effects are very slight and 
pass off very rapidly, although even this slight effect is, in consequence 
of the exquisite sensitiveness of the respiratory centre, sufficient to cut 
short the apnoea considerably. 

Still more sudden exposures to anoxhemia occur when air containing 
little or no oxygen is breathed ; for in this case the oxygen previously 
present in the alveolar .air, and. even in. the venous blood, is rapidly 
washed out: the result'is that consciousness is suddenly lost without 
evident preceding hyperpnoea, although abundance of CO, is present in 
the arterial blood. Haldane and Lorrain Smith observed sudden 
loss of consciousness after 50 seconds on breathing air which was after- 
wards found to contain 1°8°/, of oxygen. During any exertion the loss 
of consciousness is still more sudden. Thus it is a common experience 
with miners going into an atmosphere of nearly pure firedamp (CH,), or 
climbing up so that their heads are in the gas, that they drop suddenly 
as if they were shot. 


and powerfully, and so tend to avert immediate danger from asphyxia. It is perhaps the 
formation of lactic acid in the respiratory centre which actually terminates the apnea 
after prolonged forced breathing. Forced breathing is often employed to prolong the 
period during which a diver can remain under water, and might be similarly employed for 
going temporarily into an irrespirable atmosphere. Even the Cingalese pearl divers appear 
to follow this plan as a form of religious ceremony before diving. It seems doubtful, how- 
ever, whether too prolonged a period of forced breathing might not lead to sudden loss of 


 gonsciousness under water from want of oxygen, unless, indeed, the lungs were filled with 


oxygen instead of air. Dr W. Collier informs us that he witnessed a case in which loss of 
consciousness occurred at the bottom of a swimming bath after forced breathing had been 
diver to prolong his stay under water. He was fortunately rescued before 
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In marked contrast with the results of short exposures to anoxhemia 
are those of longer exposure, as in the experiments with the bag, where 


the exposure lasts for some minutes. In all of these, including the ~ 


shorter ones, there was a very marked fall in the alveolar CO, per- 
centage, in spite of the great discharge into the alveolar air of preformed 
CO,; and this abnormally low alveolar CO, percentage lasted for some 
minutes, as shown in Exps.I and II. A further experiment, in which 
the alveolar CO, was followed for some time afterwards, may be quoted 
here. A mixture containing about 10°/, of oxygen was re-breathed 
from the box for 15 minutes, the box having no air-ventilation through 
the meter. .The oxygen percentage therefore fell fairly fast, but not so 
rapidly as with the small bag. At the end of the experiment the 
subject (J.S.H.) was very blue and unsteady, but had no very evident 
hyperpnea. The air of the box then contained 0°00°/, of CO, and 
7°05 */, of O,, while the alveolar air contained 3°44 °/, of CO, and 4°41 °/, 
of O,. The alveolar air gave the following percentages of CO,. 


On stopping eee ore ee 3°44 
1; after stopping eee eee 5°28 
6’ ” ove eee one 5°42 
11’ ” ” see see eee 5°54 


It thus took about 15 minutes for the alveolar CO, to rise to normal 
again ; but at first the rise was very rapid, which suggests that most of 
the lactic acid which excited the centre was formed in the centre itself, 
and was afterwards either rapidly oxidised in the manner recently 


‘demonstrated by Fletcher and Hopkins (This Journal, xxxv. p. 247. 


1907), or else washed out by the more alkaline blood, which circulates 
very rapidly through the centre. 

In the still longer experiments of Boycott and Haldane in the 
steel chamber, it took an hour or more for the alveolar CO, of J.S.H. 
to come normal after exposure to a low pressure; and in the case of 
R.O, W. who ‘remained for 24 hours in the chamber at a low pressure, 
the alveolar CO, took about two days to return to normal. 

It thus seems perfectly clear that the extra respiratory stimulus 
produced by anoxhemia continues after the anoxhemia has been 
removed, but lasts only for a short time, or may be scarcely noticeable, 
if the anoxhemia has been short enough, while it lasts for a long time if 
the anoxhemia has been long. These facts are in complete accord 
with the theory that the hyperpnawa caused by want of oxygen is due, 
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not directly to the want of oxygen, but to CO,, re-inforced by acid 
products produced during the anoxhzmia. 

In the long apnoea experiments with J.S. H. the cessation of apnea 
occurred before the alveolar CO, had again risen to normal. When the 
alveolar oxygen percentage was prevented from falling very low by taking 
two or three breaths of oxygen at the end of the forced breathing, it 
was found that the alveolar CO, percentage rose above normal before the 
apnoea terminated, there being a corresponding lengthening of the apneic 
period. Thus with five minutes’ forced breathing and then three 
breaths of pure oxygen the alveolar CO, percentage had risen to 5°96 
at the end of the apnoea, the oxygen percentage being 37°5. The 
apnoea lasted 170 seconds, which was about half a minute longer than 
when no oxygen was breathed. We also noticed that even when the 
forced breathing lasted a much shorter time a breath or two of oxygen 
had the effect of prolonging the apnea till the alveolar CO, per- 
centage had risen distinctly above normal. Thus with half a minute 
of forced breathing of air, followed by three breaths of oxygen, the 
alveolar CO, at the end of the apnea gave an average of 611 °/, in 
J.S.H., with an average of 42°5°/, of oxygen and 73 seconds’ duration 
for the apnea; whereas without oxygen the alveolar air averaged 
5°57 °/, of CO, and 11°6°/, of O,, with 57 seconds’ duration. 

The latter results are similar in some respects to a number which 
have been published by Pembrey and Cook! and by Hill and Flack* 
since our investigation was completed. These observers found that on 
re-breathing a small amount of air in a small bag or spirometer, the 
breathing could be continued until the percentage of CO, had risen 
considerably higher if the bag or spirometer contained oxygen. Hill 
and Flack also found that the breath could be held much longer with 
oxygen in the lungs than with air, and that the alveolar CO, percentage 
rose a good deal higher with the oxygen. 

It is by no means easy to see the correct interpretation of the 
effects produced by oxygen in some of these experiments. Where 
a small bag or spirometer was used, particularly just after muscular 
work, the alveolar oxygen percentage probably fell quite low enough to 
explain the result in accordance with the theory which we have already 


‘stated. But in most of Hill and Flack’s experiments on holding the 


breath, and in our own experiments with short apnoas, the alveolar 
oxygen percentage only fell to about 10 or 11°/,, a figure not sufficiently 
low to cause any byperpnea under ordinary conditions. It is also 
1 This Journal, xxxvm. 1908. (Proc. Physiol. Soc. p. xii.) 9 Ibid. p. 77. 
PH. XXXVII. 28 
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known from the experiments of Haldane and Priestley, Hill and 
Greenwood, and Boycott and Haldane, that under normal conditions 
the alveolar CO, pressure remains constant even if the oxygen pressure 
is increased to five or six times its normal amount. How, then, are we 
to explain the aetion of oxygen in prolonging the period of natural and 
of voluntary apnea? It seems not improbable that the cessation of 
breathing may, by its retarding action on the circulation, produce some 
anoxheemia, which the breathing of oxygen compensates for. Haldane 
and Lorrain Smith observed no difference between oxygen and air 
when they were re-breathed up to the “breaking point” from a bag’. 
In their experiments, however, a large bag was used, in order to avoid 
the disproportional fall which occurs in the oxygen percentage when 
a small bag is used. Their “breaking point” was at about 10 */, of CO, 
in the air of the bag—about the same as in Hill and Flack’s experi- 
ment when they used oxygen from a small bag. 

The fact that after forced breathing of air the apnea continues till 
the face is blue and the alveolar oxygen falls to less than 5, or even 
4°/,, would seem to prove pretty completely that lack of oxygen is not, 
by itself, a direct stimulus to the respiratory centre. In order, however, 
to obtain further evidence, we have made several experiments in which 
apnoea was produced by forced breathing with air containing a very low 
percentage of O,. Only one of these need be quoted. At the end of 
forced breathing by J.S.H. for 1} minutes the inspired air contained 
6°61 */, of O, and 0°38°/, of CO,, while the alveolar air contained 4°92 °/, 
of O, and 3°10°/, of CO,. An apnoea of fiftéen seconds’ duration was 
produced. But for the previous washing out of CO, from the blood an 
alveolar oxygen percentage of 4°92°/, would, of course, have produced 
marked hyperpneea. 

The same experiment showed a further interesting point. At the 
end of the apnoea natural breathing of the same mixture was continued, 
with the result that marked hyperpneea occurred. After about a 
minute fresh air was breathed. This resulted in a short apnoea, agai 
followed by pretty deep breathing, which however almost died away 
again half a minute later. The apnea on breathing air was doubtless 
due to a rapid alteration back towards normal in the threshold partial 
pressure at which the CO, was capable of exciting the respiratcry 
centre. As much CO, had been washed out of the blood by the 
preceding hyperpnoea, there was not enough of CO, left to excite the 
centre until.the alveolar oxygen had again fallen considerably. The 

1 Journ. of Pathol, and Bacteriol. 1. p. 168, 1892. | 
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same explanation doubtless applies to the apnea which Mosso' has 
observed when oxygen is administered to animals which have been just 
previously exposed to want of oxygen. 

In still another set of experiments we tried the effects of CO, in 
presence of low percentages of O,. The results showed that in presence 
of want of oxygen an alveolar CO, percentage which under normal 
conditions would produce apnoea actually causes very great hyperpnea. 
Only one of these experiments need be quoted. The subject breathed 
from a large gas-bag, in which the oxygen percentage fell pretty slowly. 
The expired air was at first passed through caustic soda to absorb the 
CO,. At the beginning of the experiment the bag contained 12°7 °/, of 
O, and 0°0°/, of CO,. After breathing this air for 20 minutes the air 
of the bag contained 8°44 °/, of O, and 0°00 */, of CO,, and the alveolar 
air contained 4°65 °*/, of O, and 431°/, of CO,. There was then very 
marked cyanosis, the hands and body were twitching; the subject 
(J.S.H.) felt very abnormal. There was, however, no evident hyper- 
pncwa. After a short interval of breathing air, to allow the subject 
to recover, the breathing was continued, but the expired air was now 
passed back directly into the bag, without the CO, being absorbed. 
After eight minutes the inspired air contained 6°55 °/, of O, and 3°27 °/, 
of CO,, while the alveolar air contained 5°10°/, of O, and 4°52°/, of CO,. 
There was now great hyperpnowa and marked blueness; but in other 
respects the subject felt much less abnormal and stupid than when the 
previous samples were taken. After a breath of fresh air the experi- 
ment was continued for 1} minutes longer, when the inspired air 
contained 6°49 °/, of O, and 3°72 °/, of CO,, and the alveolar air 5°50°/, 
of O, and 4°86 °/, of CO,. There was great hyperpnea after the first 
20 seconds. 

In this experiment the slight excess (4°52 and 486 against 431 
when the inspired air was free of CO,) of alveolar CO, had caused 
extreme hyperpnea, although the alveolar oxygen percentage (5°10 and 
5°50 against 4°65) had actually risen, so that the psychical symptoms 
of oxygen want were less. The normal alveolar CO, percentage of the 
subject was 5°62, so that 4°52 or 4°86 °/, would under normal conditions 
have produced apnea instead of extreme hyperpnea, The results 
were, therefore, in complete accordance with our previously expressed 
conclusions as to the part played by CO, in the hyperpneea produced by 
want of oxygen. 

It was originally suggested by Pfltiger that the hyperpnea and 

1 Arch, ital. de Biologie, xxx. p. 188, 1904, 
28—2 
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other excitatory effects produced by lack of oxygen are due, not directly 
to want of oxygen, but to abnormal metabolic products produced in 
consequence of want of oxygen. Geppert and Zuntz, Lehmann, and 
others of Zuntz’s coadjutors, brought forward evidence that these products 
are probably lactic acid or other organic acids, and that they are formed 
in muscular work as well as in presence of want of oxygen otherwise 
produced. On the other hand Haldane and Priestley showed that 
in ordinary muscular work, where there is no over-exertion, CO, is the 
only, or almost the only, stimulus to the respiratory centre. The 
experiments of Zuntz and Geppert, and Lehmann, were made under 
very abnormal conditions, in which partial asphyxia of the muscles was 
doubtless produced. We believe that hitherto no one has suggested, 
previously to the investigations contained in this, and in the previous 
papers by Boycott and Haldane, and by Ward, that CO, plays such 
@ very important part even when other subsidiary stimuli are present, 
and that the lung ventilation is always determined by the alveolar CO, 
pressure, although want of oxygen and other conditions may alter its 
threshold exciting value. It is probably only in the last stages of 
asphyxia or acid poisoning that CO, ceases to be the main governing 
factor in regulating the breathing. 


ConcLusions. 


‘1, The great hyperpnea produced by a rapid fall in the oxygen 
pressure of the inspired or alveolar air is not due to a direct effect of 
want of oxygen on the respiratory centre, but to that of the carbon 
dioxide present, to start with, in the blood, the action of this carbon 
dioxide being re-inforced by that of acid or other products produced by 
the want of oxygen, so that the threshold pressure at which the carbon 
dioxide excites the centre is lowered. : 

2. If sufficient of the preformed carbon dioxide is first removed by 
forced breathing, want of oxygen has no exciting influence on the 
respiratory centre, and apna may be produced in presence of want of 
oxygen. 

3. Apnoea produced by artificial ventilation does not cease until 
the alveolar CO, pressure rises to normal, unless the alveolar oxygen 
pressure has meanwhile fallen so low that abnormal products produced 
by the want of oxygen re-inforce the action of the carbon dioxide. 

4. The accumulation in the body of the abnormal products which, 
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when there is want of oxygen, help to excite the respiratory centre 
is a very gradual process. 

5. If the want of oxygen is gradually produced, there is no evident 
hyperpneea, as excess of preformed CO, has time to escape gradually. 
In consequence of this relative absence of hyperpnwa the alveolar 
oxygen pressure falls rapidly; and at a given oxygen pressure in the 
inspired air extreme psychical and other symptoms of want of oxygen 
will occur with a gradual diminution of the oxygen pressure, although 
they are absent with a more rapid diminution. A still more gradual 
fall in the oxygen pressure will, however, as shown by Boycott, 
Haldane, and Ward, give time for a maximum accumulation of 
the abnormal products which help to excite the centre, and thus assist 
in warding off the direct effects of want of oxygen. 
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ON THE SPONTANEOUS MOVEMENTS OF AMPHIBIAN 
SKELETAL MUSCLE IN SALINE SOLUTIONS, 
WITH OBSERVATIONS ON THE INFLUENCE OF 
POTASSIUM AND CALCIUM CHLORIDES ON 
MUSCULAR EXCITABILITY. Br GEORGE RALPH 
MINES, Sidney Sussew College, Allen Scholar in the University 


of Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


I. On the spontaneous movements of amphibian skeletal muscle 
in saline solutions. 
HERING™ in 1879 published an account of the behaviour of the frog’s 
sartorius when partly or wholly immersed in a solution of sodium 
chloride, and apparently he was the first to call attention to the fact 
that an isolated skeletal muscle in saline solution may exhibit rhythmic 
contractions. He regarded the solution simply as a liquid conductor, 
which by closing the circuit caused stimulation of the muscle by its 
demarcation current. In the following year Biedermann®™ gave an 
exhaustive description of the movements as studied by direct observa- 
tion of the muscle placed in a mixture of sodium chloride, sodium 
phosphate and sodium carbonate. He mentioned that contractions 
were obtained by placing the sartorius in ‘6°/, sodium chloride, but 
spoke of them as comparatively weak and of short duration. The 
contractions of frogs’ muscles in sodium chloride solution were more 
adequately described by Ringer™, who also was the first to note the 
influence of calcium and potassium salts on the movements, Ringer’s 
work was published in 1886 and since that time the action of salts in 
producing and stopping contractions has been dealt with by several 
observers, especially by Loeb™. Graphic records of the movements 
have been given by Ringer, Locke™ and Zenneck™ but till recently 
little attention has been paid to the form of the curves. The more 


* The numbers refer to the list at the end of the paper. 
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delicate movements are so feeble that it is difficult to get an accurate 


record of them on a smoked surface. Last year Samojloff 
described records of the movements in Biedermann’s fluid obtained by 
Pheophilaktoff with the aid of a photographic registering apparatus. 
Six months before the publication of Samojloff’s paper I had made 
use of the photographic method for the same purpose. 

The records which are here discussed were obtained with the aid of 
the photographic apparatus described by Keith Lucas™. The piece 
of bone from which the muscle gains its origin was transfixed by a glass 
hook; a@ fine silk thread was tied to the tendon at the other end, 
and this was attached to a short light lever of glass or straw having 
a small mirror attached at the axis. The movement of the muscle 
was magnified about fifteen times.. The sensitiveness of the lever 
was adjusted by altering the counterpoise so as to obtain a suitable 
excursion of the spot of light; usually the muscle was subjected to a 
tension. of one or two decigrams. The records were taken on rapid 
bromide paper. 

Hering, Biedermann and Ringer all called attention to the 
definitely rhythmic character often assumed by the movements, and the 
two former observers compared their regularity to that of the heart beat. 
I take the expression “rhythmic” to imply the recurrence of some 
event or group of events at equal intervals of time; the interval between 
similar points in two successive cycles being the period of the rhythm. 
Physiological rhythms often show some deviation from absolute time- 
accuracy, which may be ascribed to the ever varying conditions under 
which living matter, through the very fact of its own metabolism, is placed. 

Samojloff, in the paper already referred to, states that the rhythm 
of the sartorius in saline solution is of quite another grade of regularity 
from -that of the heart. It is true that the activity of any particular 
group of fibres is seldom maintained for more than a few minutes, But 
Samojloff seems to imply that the series of contractions never exhibit 
a true period at all. Measuring the intervals between the members of 
his most regular series he finds that they weed to a considerable extent 
as in the following instance : 


104 09 088 085 083 088 09 099 104 117. 
In this series the variation in the intervals between the contractions 
is equal to 64°/, of the shortest interval. It cannot properly be called 


a rhythmic series at all, the intervals between the contractions do not 
approximate to one constant value, but they decrease to a minimum 
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and then increase again. I have recorded groups of this type, of which 
an instance is given in Fig. 1. The appearance of the tracing 
suggests a kind of distortion of an essentially rhythmic series, just as 


L i i i i 


Fig. 1. Frog’s sartorius in Biedermann’s fluid. Time is marked in seconds. 
All tracings in this paper are to be read from left to right. 


in music there may be gradual variations in time which do not destroy 


_ the underlying sense of rhythm. In passing it may be noted that 


these curves do not bear out Samojloff’s statement’ that the con- 
tractions of the sartorius, unlike those of the heart, remain unchanged 
in magnitude when the interval between them alters, In Fig. 1 it is 
seen that after a shorter interval the contraction is smaller, and vice 
versa. 

I find that the sartorius in saline solutions often exhibits series of 
contractions of a degree of regularity much higher than this. The 
appearance of some of the curves given in Figs, 2 and 3 suggests a 
regularity scarcely inferior to that of the heart beat. Careful measure- 


ment with the aid of a comparator fully bears out this idea. 


Fig. 2. Frog’s sartorius in Biedermann’s fluid. Time marked in seconds. 


reduced (in millimetres) : 


699 69 7 688 699 682 695 68 698 68 698 
696 699 698 699 67 668 691 678 691 676. 


In this series of 21 contractions there is an extreme variation from 
6°68 to 7 mm. in the interval between the contractions, ¢.¢. a variation 


* loc. cit. 
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of less than 5°/,. Taking a series of ten contractions from this, 
beginning at the fourth in the series quoted we have an extreme 
variation from 6°8 to 6°99, i.e. rather less than 2°8°/,. 

Another series of measurements may be given. 


Fig. 3. Toad’s sartorius in 1°/, sodium bromide. After six hours’ immersion. 


Time tracing marks intervals of ten seconds. 


Toad's sartorius in “7 °/, sodiwm chloride : 
6 61 G15 592 6 605 G1 G19 609 62 614 612 
612 624 G17 60 63 624 636 646 624 619 6-29. 


Here in a series of ten contractions (beginning with the fifth quoted) 
| there is a variation from 6 to 6°24—a variation of 4°/,. In these and 
; many other instances there is no gradual increase or decrease in the 
interval between the contractions, but it oscillates within narrow limits 
about a mean value which may reasonably be called the period of the 
rhythm. 

For the sake of comparison some measurements were made of the 
period of the frog’s heart (after pithing) and of the lymph hearts (after 
destruction of the brain). In both cases, for greater convenience in 
measurement, the movement of the pulsating organ was made to open 


> 


and close an electric circuit (by moving a wire in and out of a pool of 
: mercury) in which a signal was included. The electric signal marked a 
’ definite point in each systole on the blackened surface of a Sandstrim 
; drum, moving at the rate of 50 mm. per second. The measurement of 
t time tracings taken simultaneously showed that the speed of the drum 


was constant. 

infrequently be found separated by intervals which varied only about 
1°/,. On the other hand the instances given below show a variation of 
| period of the same order of magnitude as that found for the sartorius 
; when contracting most regularly. | | 
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Distance (in mm. of tracing) between similar points im svccessive 
systoles of frog's heart, circulation intact, im two experiments : 

(1) 685 615 °63 625 63 625 635 63 63 63. 

(2) 66 65 655 658 645 655 655 66 665 65°. 

In the first of these instances the extreme variation of period in a 
series of ten contractions is 3°'2°/,; in the second it is 3'1°/,. In the 
case of the lymph hearts greater variation was found. 


Intervals between successive contractions of lymph heart, spinal 
frog, in different experiments : 

(1) 475 445 425 47 445 45 47 45 44 46:5. 

(2) 44 455 46 455 47 465 44 45 475 45:5. 

(3) 465 425 435 48 455 475 465 455 45:5 445. 

In the first of these instances the variation amounts to 11 °/,, in the 
second it is 7°9°/, and in the third 10°3°/, of the shortest interval. 

‘It seems then that under certain conditions skeletal muscle fibres 
can originate, and maintain for a sufficient time to rule out mere 
coincidence of period, a rhythm at any rate comparable to that of the 
heart in point of regularity and distinctly superior to that of the lymph 
hearts. 


In other words, skeletal muscle fibres may exhibit a rhythm of the 
same order of accuracy as other generally accepted physiological 
rhythms. The fact that the sartorius may also give irregular sequences 
of contractions is quite apart from the point that I wish here to 
establish, 
_ These rhythmic series are of very diverse frequencies, The slowest 
that I have recorded showed one contraction in 6 seconds, Other 
series were recorded with periods of 3, 2, 1, °5, ‘25, ‘2, °17 seconds and 
many intermediate values. Sometimes a rhythm of much higher 
frequency was noticed, namely one of 13 or 15 contractions per second. 
Quick rhythmic tremors of this type were seen on numerous occasions 
in muscles placed in “7 */, sodium chloride to which about ‘05.°/, potassium 
chloride was added. They-were rarely found—but were recorded once 
at least in pure sodium chloride, in sodium bromide and in Biedermann’s 
fluid. | 

It has often been stated that the muscle in saline solution does not 
twitch with all its fibres simultaneously, The activity of one fibre does 
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not of necessity excite contraction in the surrounding fibres, for there is 
not the same physiological continuity between them that exists between 
the contractile elements of the heart. Thus it often happens that the 
movements of the muscle as a whole are irregular. This irregularity 
does not necessarily imply a-rhythmic behaviour on the part of any 
individual contractile element. The mechanical summation or inter- 
ference of a number of rhythmic units with unlike periods would 
produce a complex result, the graphic record of which might _pasily fail 
to reveal any of the component rhythms. It must further be borne in 
mind that during the inscription of such a curve various fibres may 
start or stop their activity and some may give series of contractions 
with the distorted rhythm already mentioned. I have obtained many 
curves which at first sight appear irregular, but on closer inspection are 
seen to consist of two or more rhythmic series. Fig. 4 is an instance 
of the compounding of two regular rhythmic series. The small twitch 


Fig. 4. Toad’s sartorius in -7°/, sodium chloride. Temp. 8° C. 
Time marked in seconds. 
recurs once a second—sometimes it appears by itself, at other times it 
is partly or wholly fused with the larger twitch, which possesses & 
slower period. The two movements are quite independent in their 
origin, and their combination is purely mechanical. There is therefore 
reason to think that the irrégular curve which is generally obtained 
soon after the immersion of the muscle (of which an instance is given 
in Fig. 5 a), is in reality the result of the interference of regular 
movements of different regions of the muscle. The condition which 
leads to the appearance of spontaneous movement persists longer in — 
some fibres than in others, and thus it happens that after a while (as in 
Fig. 5 6) simple rhythmic movements make their appearance in the 
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Fig. 5. Toad’s sartorius in “7 %/, sodium chloride. home’ | 
after 5 hours. Time marked seconds. 
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Sometimes a regular series of double peaked contractions is recorded 
(Fig. 6); this was predicted by Biedermann”. It is clear that they 
might be due to the independent contractions of two different regions 
of the muscle which chanced to have the same period. More probably 


Fig. 6. Double peaked contractions from same muscle as in Fig. 5. 
Time marked in seconds. 


the second contraction is provoked by the first; that is to say, an 
adjacent fibre in a state of high excitability is stimulated by the 
movement (or possibly by the electric variation accompanying it) of the 
fibre which first contracts, for while the double peaked curve is not 
uncommon, the alternation of two series having the same frequency, 
but not partly fused in this way, is extremely rare. 

| With more perfect fusion of the twitches the appearance shown in 
Fig. 7 is produced, resembling a rhythmically repeated tetanus. 


Fig. 7. Toad’s sartorius in -7°/, sodium chloride. Time marked in seconds. 


The movements of the sartorius as a rule become most active about 
five minutes after it is placed in a ‘7°/, sodium chloride. After a few 
hours it often. shows long periods of rest; in this condition its activity 
can readily be started again for a time by the application of a stimulus, 
which may be mechanical or electrical. | 

_ A weak galvanic current makes the movements more vigorous and 

usually entirely changes their character. An induction shock sometimes 
has a similar effect, but as Samojloff found, it may cause an extra 
contraction without producing any further disturbance in a series of 
spontaneous contractions, The significance of this difference in the 
action of the two varieties of electrical stimuli will appear later. 

_ Difference wm reaction of different muscles in the frog. The move- 
ments have been studied chiefly in the leg muscles of the frog, though 
Garrey” has found similar twitches in the skeletal muscles of 
mammals and many invertebrates. There is a decided difference in 
the ease with which the movements are elicited in different muscles of 
the frog and toad. Thus while they constantly appear in the sartorius 
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within a few minutes of its immersion, the gastrocnemius does not 
twitch as a rule till after an hour's immersion. In this case the 
difference may perhaps be ascribed to the very different thickness of 
the muscles, but there are other instances in which such an explanation 
seems insufficient. I never observed twitching in the coraco-radialis or 
in the flexor carpi radialis when these muscles were simply immersed in 
the sodium chloride solution, though the genio-hyo-glossus and the 
sternohyoid muscles readily gave rhythmic twitches in this way. 

By perfusing the blood-vessels of the frog with ‘7 °/, sodium chloride 
by means of a cannula tied in one of the aorte, it is possible to arouse 
twitches in apparently the whole skeletal musculature. The movements 
were observed under these conditions in the skin muscles, the scapular, 
pectoral, and other arm muscles, the muscles of the leg and thigh, the 
small muscles of the manus and pes, the muscles of the tongue and the 
floor of the mouth. The rectus abdominis gave only slight and 
occasional evidence of twitching when immersed in the saline solution 
after perfusion, though it often exhibited slow curling movements. 
This behaviour of the rectus abdominis recalls its reaction to nicotine. 
Professor Langley™ found that this muscle gave twitches with nicotine 
far less readily than any other muscle tested. 

Influence of temperature. The activity of the muscle in saline 
solution is greater as the temperature is higher, within physiological 
limits. The effect of raising the temperature of the solution is as a 
rule to increase both the frequency and the amplitude of the move- 
ments, It is practically impossible to determine the temperature 
coefficient of the rhythm of any particular region. The mere act of 
changing the temperature generally results in a complete alteration in 
the character of the movements, which even under the most favourable 
conditions manifest a remarkable diversity. 

The influence of calcium and potassium on the contractions. Ringer™ 
showed that the addition of a small amount of a lime salt prevented the 
twitching in saline solution. Loeb states that from 026°/, to 038 °/, 
of calcium chloride is required to abolish the movements iv a solution 
of sodium bromide. Using a7 °/, solution of sodium chloride I find a 
somewhat wider variation in the amount of calcium needed to stop the 
twitches, Thus in October, 01°/, calcium chloride sufficed to bring the 
muscles to rest, whereas in May and June, :04°/, or 05 °/, was required 
even if the solutions were cooled to 10°. The effect of calcium even in 
minimal doses is always to diminish the movements. 


With ebeamies the case is different. Though potassium chloride 
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in large amount abolishes the twitches, the first effect of a small dose 
is to greatly increase them. A muscle giving feeble twitches in sodium 
chloride solution becomes far more active on the addition of a small 
amount (‘05°/, to “1°/,) of potassium chloride. It has been mentioned 
that a very quick rhythm often makes its appearance in muscles placed 
in such a solution, _ This is illustrated by Fig. 8. 


Fig. Biceps cruris of frog in sodium cliloride'€5%),, potassium chloride -05 */,. 
i A period of one second is marked below. 


The effect of curare. The movements of the sartorius in saline 
solutions were discovered in a curarised muscle. Ringer found that 
the addition of a small quantity of curare (about ‘003°/,) to the saline 
solution did not prevent them. Zenneck™ found the contractions 
greater though less frequent in the curarised muscle. Carslaw® using 
a hypotonic of sodium chloride found that curare delayed the appearance 
of the twitches, but did not prevent them. I have made some experi- 
ments with a view to determining whether 4 stronger solution of curare 
will abolish the movements. They generally continue for over an 
hour in ‘7°/, sodium chloride containing ‘1°/, curare. ‘2°/, curare 
usually stops the twitches in a few minutes. It occurred to me that 
possibly the organic constituents of the curare might be partly respon- 
sible for this action. I therefore calcined a small quantity of the curare 
and found that it yielded 931 °/, of a brownish-grey ash, A solution of 
this ash was made up in ‘7 °/, sodium chloride of a strength correspond- 
ing to a ‘2°/, solution of curare. This solution was found to stop the 
movements of muscles already twitching in ‘7 °/, sodium chloride just in 
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the same way as the ‘2 °/, curare solution, though it was entirely without 
effect when injected into a decerebrate frog. It should be mentioned 
that the injection of ‘25¢.c. of a 1*/, solution of the same specimen of 
curare caused complete paralysis in a spinal frog in about half an hour. 
Mr J. E. Purvis kindly made a spectroscopic examination of the ash 
and informed me that it consists largely of lime, together with soda and 
a little potash. 

I conelude that the abolition of the twitches by curare in large doses 


is due, not to the alkaloids on which its specific action on the neuro- 


muscular mechanism depends, but to the presence of inorganic salts, 
and i in calcium salts, 


Il. The cause of the movements. 


Hering™ ascribed the movements of the sartorius immersed in 
sodium chloride solution to electrical stimulation through closure of. the 
demarcation current by the conducting solution. He stated that the 
movements did not as a rule occur in uninjured muscles, but that very 
similar movements could be produced in them by the use of a weak 
constant current. Ringer™ mentions that the movements begin later 
but persist longer in the uninjured muscle. 

The idea that mechanical injury of the muscle is a necessary con- 
dition for the appearance of the twitches, is at once set aside by the fact 
that on perfusion of the blood-vessels with sodium chloride solution 
vigorous twitches soon begin in the muscles and can be seen without 


- even removing the skin. 


As will be seen shortly, the muscle in: sodium chloride solution is 
peculiarly susceptible to the influence of weak constant currents, and it 
is not unlikely that the action of the demarcation current may account 
for the observation of Ringer just referred to. 

It is important to determine what part of the neuro-muscular 
apparatus is responsible for the origination of the movements, The 
method of punctiform application, which Professor Langley™ has shown 
to give such definite results in the case ¢ nicotine, is not adapted to the 
solution of this problem. Here the factor which leads to the appearance of 
the movements seems to be the reduction in the concentration of calcium. 
The application of a small drop of sodium chloride solution is unable 
to effect this reduction to a sufficient extent. If a larger quantity of 
the solution is applied, or if the nerveless end of the muscle is immersed 
in the solution, it is impossible to be sure that there is no alteration 
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in the coricentration of salts by diffusion in the regions which contain 
nerve endings. 

Garrey™ mentions that the twitches can be obtained from muscles 
after section and degeneration of their nerves. In the present state of 
our knowledge this can only be taken to prove that the nerve fibres are 
not concerned in the production of the movements. 

It has been stated already that the twitches may continue in a solu- 
tion containing *1°/, curare. Now Keith Lucas has shown that the 
presence of 03 °/, curare in the fluid soaking the muscle is sufficient to 
make the whole of it react towards currents of different durations in the 
same way as the pelvic region of the normal muscle. Curare in this 
amount appears to throw out of action the receptive substance which 
is found in the neural region of the muscle, in addition to preventing 
stimulation of the nerve fibres from affecting the muscle. It may be 
inferred that the processes which lead to the appearance of muscular 
movements in saline solution are seated very near the actual contractile 
mechanism ; this view receives further support from what follows. 

Loeb™ maintains that the movements are produced by the replace- 
ment of calcium ions by sodium or potassium ions in the muscle. He 
considers that a certain balance of electrolytes is a necessary condition 
for the exhibition of rhythm in any contractile tissue, and that in the 
case of skeletal muscle this particular equilibrium is arrived at by re- 
ducing the amount of calcium present. 

Now in the case of the heart it is observable that the irritability of 
the muscle towards electric stimulation increases continuously during 
the interval between two contractions. The contractile substance, or 
the substance whose break-down discharges the contractile substance, 
becomes more and more unstable until at last it suddenly gives way. 
An essential condition for this explosive spontaneous katabolism is the 
existence of a very high degree of instability. Indeed, it may be said 
that the stimulus needed to fire off the contraction becomes smaller and 
smaller until a point is reached where no stimulus at all is required. 
Doubtless the discharge is often effected by minute accidental stimuli 
shortly before this vanishing point is reached, and this is probably one 
of the causes of deviation from absolute time accuracy. If the whole 
level of irritability is lowered thé contractions cease. 

One would expect that the irritability of a skeletal muscle showing 
spontaneous’ movement would be higher than that of one in the ordinary 


} It is convenient to speak of the movements as spontaneous. During a period which 
may extend over two days at room temperature, twitches are liable to occur from time to 
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condition. Biedermann™ indeed classed the sodium salts as chemical 
stimuli which acted by causing an increase in the excitability of the 
muscle, but apparently he demonstrated this for electrical stimuli only 
in the case of sodium carbonate. Loeb on the contrary states 
explicitly that the rhythmic movements in solutions of sodium salts 
are not associated with a condition of increased irritability of the 
muscle, He quotes experiments in which the irritability of a muscle 
in a solution containing calcium in addition to sodium (the muscle 
showing no spontaneous movement) was greater than that of another 
contracting rhythmically in a pure solution of a sodium halide. Loeb 
used break induction shocks as test stimuli, Now Keith Lucas 
and I“* have shown that the influence of temperature on the excita- 
bility of a muscle may be apparently in opposite directions according to 
the duration of the current employed to test it. An induction shock 
is a current of very brief duration, and it seemed to me not unlikely 
that some change in the irritability of the muscle towards a galvanic 
current might be found on treatment with saline solutions, even in 
the absence of change towards faradic stimuli. 


EXCITABILITY OF THE MUSCLE IN SODIUM CHLORIDE SOLUTION. 


Two methods have been employed in investigating changes in the 
excitability of muscles, The first is that of finding the current strength 
needed to produce a just perceptible twitch. This method gives an in- 
dication of the current strength required to excite the fibres which at 
the time are most irritable. It has the advantage of disturbing the 
muscle very little, as the twitch is so small that there is no danger of 
shifting the region of the muscle which is stimulated in the successive 
tests. The second method is that of observing the effect of a changed 


time, and the appearance of a twitch or group of twitches is not the immediate result of 
any change in the environment of the muscle, but is due to processes going on within it. 
There is really no justification at present for calling sodium chloride the stimulus for the 
movements, Its presence is merely one of the conditions requisite for their appearance, 
just as is the presence of water and the maintenance of the temperature within certain 
limits. Moreover the presence of sodium chloride is a normal condition ; the abnormality 
is the absence of calcium. The whole question.turns on the sense in which the term 
stimulus is used. If all factors tending to increase the instability of the excitable 
substance are called stimuli, then in the present case sodium chloride is only one of a 
number of stimuli, If, however, the term is reserved for a changing factor which evokes 
8 corresponding response, we know nothing of any such stimulus leading to those move- 
ments which ocour from time to time after the muscle has presumably come ‘into 
equilibrium with the surrounding fluid. 
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. condition on the height of the response to a uniform submaximal 
stimulus: it will be discussed later. | 

The essential deviation from the normal surroundings of the muscle 
which is followed by the appearance of the spontaneous movements here 
considered is the substitution of a solution containing sodium salts only 
for the normal fluid which bathes the muscle and which contains calcium 
and potassium in addition to sodium. A frog’s sartorius placed in Ringer's 
solution will maintain a constant degree of irritability towards electrical 
stimuli for a time which depends on the temperature to a great extent, 
but which often lasts more than a day. My experiments were directed 
in the first instance to ascertaining whether the sartorius in Ringer's 
solution, exhibiting no spontaneous movement, changed its excitability 
towards electrical stimuli when the solution was changed to one of 
sodium chloride in which the muscle from time to time showed 
spontaneous movements. 

The sartorius was dissected with care to avoid injury to its fibres; a 
thin silk thread was tied to the tibial tendon so as to form a loop: the 
pelvic end remained attached to the os pubis which was cut out and 
fastened to a hook at the end of a glass rod. A small glass weight was 
hung on the loop and the muscle was suspended in the fluid electrodes 
introduced by Keith Lucas, of the form figured in a previous paper. 
The electrodes were provided with side tubes to admit of changing the 
contained fluid, and they were used in the manner described by Lucas 
in a more recent paper®, The muscle was immersed in fluid through- 
out its length, and stimulation was brought about by the increase in 
current density produced by a constriction of. the tube around the re- 
quired region of the muscle. Lucas has shown that in this way in 
the case of nerve the localisation of stimulus is effected with great 


precision. In these experiments the pelvic region of the muscle was 


arranged for stimulation. 
Further evidence as to the validity of this method of localisa- 
tion of stimulus will be brought forward in a later section of this 


A Ringer's solution was prepared with distilled water, containing 
‘63 */, sodium chloride, ‘02 */, potassium chloride, and 05 °/, calcium 
chloride, and a solution of pure sodium chloride was prepared of ap- 
proximately the same electrical conductivity. In the earlier experiments 
the precaution was taken of determining the electrical resistance of the 
electrodes with the included muscle, so as to make sure that any 
apparent change in the excitability of the muscle was not in reality due 
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to an alteration in the resistance of the circuit. (See Gotch and 
Macdonald®.) 

The solutions were allowed to assume the temperature of the room 
before the experiment, and the electrodes were shielded from draughts 
by being surrounded with a large glass vessel. 

The record of one such experiment is given below. 


Sartorius, frog. Stimulation at pelvic end. Olosure of constant current. One 


Solution in Potentiometer 
Time electrodes min. twitch Temperature Resistance 
10.19 Ringer 50 cms. 18°7 
10.26 47 13°8 
10.80 2781 ohms. 
10.40 pee 51 18°8 
10.55 49 188 
11.0 _ 2767 
11.9 NaCl 27 188 — 
11.27 on 18 18°8 
11.30 — 2830 
11.38 17 18°8 
11.40 Ringer 45 1388 —_ 
11.54 43 13°8 


This experiment shows that a much smaller current was needed to 
excite the muscle when in sodium chloride solution than when in Ringer, 
even though in this particular case the actual electrical resigtance of the 
sodium chloride was slightly higher than that of the Ringer and so 
proportionately a rather smaller current flowed in the former case. It 
was found in subsequent experiments that the result was qualitatively 
the same when a solution of higher (‘65 °/,) or lower (‘75 °/,) resistance 
than the Ringer was used: the solution generally employed contained 
‘71°/, sodium chloride... Slight alterations of temperature did not affect 
the result. | 

When tested with induction shocks the change from Ringer to sodium 
chloride did not as a rule apprec affect the excitability. 

The following table gives a summary of a number of experiments 
made on the lines indicated. . 


_ Observations were made alternately in Ringer and in 
more numbers are given in the “ Ringer” column, it must be understood that these 
readings alternate with those given in the corresponding ‘‘ sodium chloride” column, and 
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Stimulation with break induction shocks. Stimulation with galvanic current. The 
The numbers represent the distance be- numbers indicate the position of 
tween the coils in mm. giving minimal the slider of the potentiometer 
twitch. (maximum = 100). 

Exp. Muscle in Ringer Muscle in NaCl Ringer Naci 

101, 102 102 

2 106 107 
8 —_ — 87, 39, 42 17, 22 
4 112, 114 117, 111 47, 42, 41 17, ll 
5 27 17 
6 36, 385 80 
7 120, 115 120 25, 24 19 
8 142, 185, 125 148, 182 24, 25, 24 15, 17 
9 104, 107 108, 106 29, 19, 18 
10 131, 119, 114 129, 122 25, 82, 34 7, 9 
11 (Toad) 118, 104 1138, 118 12, 24 2,4 
12 (Toad) 119 119, 122 42 12, 10 


The spontaneous movements invariably occurred when the Ringer's 
solution was replaced by sodium chloride, but they did not constitute a 
serious difficulty in the way of finding the minimal twitch. The 
activity of the muscle in sodium chloride is intermittent, and in the 
intervals of rest it is easy to make the tests. The application of a 
weak constant current is very often followed by a vigorous series of 
twitches. 

The experiments show that while the excitability of the pelvic 
end of the sartorius towards break induction shocks is not as a rule at 
first altered by the substitution of sodium chloride for Ringer’s solution, 
the excitability towards the galvanic current is markedly increased. 

The same fact was demonstrated by the second method alluded to, 
namely by recording the mechanical response of the muscle to regular, 
submaximal stimuli under the two different conditions. A word may 
be said here as to the validity of this method, which has often been 


3 employed in experiments on excitability (cf.Gotch and Macdonald®). 


The submaximal response of a muscle has been shown by Keith 
Lucas™ to depend largely, and possibly entirely, upon a contraction of 
some of the fibres only. The submaximal stimulus is above the threshold 
of some, and below that of other fibres. Any factor which.-reises the 
excitability, or in other words, which lowers the threshold of stimulation, 
will bring a larger number of the fibres under the influence of the stimu- 
lus and thus the magnitude of the contraction will be increased. A con- 
ceivable objection to the method is that a great rise in excitability of the 
fibres towards mechanical stimuli might lead to the discharge of fibres not 
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directly excited by the electrical stimulus, through the mechanical 
agitation of the muscle due to the contraction of fibres electrically 
excited. In the present case it will be seen that such an objection , 
cannot be maintained. For these experiments I devised the modifica- 
tion of Lucas’ fluid electrodes shown in Fig. 9, The illustration 
sufficiently explains the construction of the apparatus. The liquid 
surrounding the muscle was changed by admitting the fresh solution 
by the tube A and allowing an over-flow at B. Trials with coloured 
liquids showed that the liquid in the region surrounding the muscle 
could be quickly and effectually changed in this way. As a rule a 
gentle stream of the solution was kept up during the experiment, to 
avoid admixture with the fluid remaining in the tubes C and D as the 
| result of diffusion. 
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Fig. 9. Modification of Lucas’ fluid electrodes. 
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The silk thread tied to the tendon of the muscle was attached to the 
short arm of a lever which exerted a tension of about four grams on the 
muscle, This was generally found sufficient to prevent the spontaneous 
twitches in NaCl from affecting the record. Fig. 10 shows that a change 
in the fluid from Ringer to NaCl did not affect the response of the 
muscle to break induction shocks of submaximal intensity, while it 
greatly increased the response to the galvanic current. 


Fig. 10. Sa®orius of frog. Stimulated at pelvic end at intervals of ten seconds alter- 
nately with single break induction shocks and galvanic currents of }” duration. 
A, in Ringer. 8B, after four minutes in NaCl “7°/,. OC, after four minutes in 
Ringer. 


It must be stated that this absence of change in excitability towards 
induction shocks is not an invariable result. After more prolonged 


immersion in the sodium chloride, particularly if no stimulus is applied 


for a considerable time, it is often found that the first induction shock 
applied evokes a much greater response than when the muscle was in 
Ringer ; a second shock sent in a minute later causes a much smaller 
contraction. The increase in excitability towards the galvanic current 
comes on at once and the condition persists when a number of successive 
tests are made. 

There is no doubt that the change in excitability brought about by 
placing the muscle in sodium chloride after Ringer’s solution differs 
considerably according to whether the stimulus used for testing it is 
a current of long duration and low potential or one of very short dura- 
tion and relatively high potential (the break induction shock). 

How is this difference in reaction to be interpreted? Do both 
varieties of stimulus attack the same “substance” in the muscle ? 
Taking into consideration the view maintained by Griitzner and 
Zenneck™, that the sartorius contains fibres of two kinds, the thin, 
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protoplasmic or “slow” fibres and the clear, thick, “ quick” fibres, and 


that these are possessed of different “ excitability-relations” some such 
hypothesis as this might be put forward, viz. that the induction shock 
stimulates the “ quick” fibres, while the galvanic current picks out the 
“slow” fibres, and that the change of solution affects the “slow” fibres 
to a much greater extent than the “quick” fibres. Such an hypothesis, 
though it involves assumptions which are at present unfounded, might 
be held to explain the phenomena observed. 

If it were correct, one would expect to find that on testing the muscle, 
with electric currents of diminishing duration the excitability in sodium 
chloride remained constantly higher than that in Ringer, until a certain 
critical value of current duration was reached at which the quick fibres 
were affected, when the excitability in both cases would be the same. In 
other words, the curves relating the current strength and current dura- 
tion for the muscle in Ringer and in sodium chloride would be expected 
to run parallel until they abruptly coalesced. Through the kindness of 
Mr Keith Lucas I was enabled to test this point with the aid of his 
new apparatus’ for obtaining currents of different durations. The 
muscle was arranged in the usual way for observing the minimal twitch. 


_ The testing currents were thrown in at intervals of ten seconds begin- 


ning with the shortest current used. When a set of observations in 
Ringer's solution had been completed, the fluid was changed to sodium 
chloride solution and after about ten or fifteen minutes a fresh set of 
observations was made, Fig. 11 illustrates the results which were ob- 
tained by this method. Each point in the curves defines the strength and 
duration of a current just capable of exciting the muscle. The upper curve 
expresses the mean of two sets of observations made respectively before 
and after the set plotted in the lower curve. It is clear that, within the 
range examined, the muscle was always more excitable in sodium chloride 
than in Ringer's solution. But this difference is proportionately greater 
for currents of long duration than for currents of short duration. Thus 
as the current duration diminishes there is a convergence of the curves, 
indicating that the difference in excitability brought about by the 
change in solution is smaller as the testing current is shorter. It is also 
to be noted that while the curve denoting the excitability of the muscle 
in Ringer’s solution becomes parallel to the horizontal axis at about ‘08”, 
the curve plotted from observations made with the muscle when in 
sodium chloride continues to descend. 


1 A description of the apparatus, which was exhibited at the recent International 
Congress, will be published shortly in this Journal. 
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We have, then, no reason to believe that the long and the short 
currents affect different kinds of fibres. The alternative view is that 
both stimuli excite fibres of the same type, and that the substitution of 
sodium chloride for Ringer’s solution affects them in such a way that 
they become much more responsive to currents of long duration, but 
that their reaction towards very brief currents is not altered in the same 
way, or at any rate not to the same extent—in other words that what 
has been shown to be true for the muscle taken as a whole is true of its 
individual fibres. 
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Fig. 11. Frog's sartorius. Ordinates represent relative current strengths. 
Abscissae show current duration. 


Certain conclusions as to the causation of the twitches which occur 
in sodium chloride solution may be drawn from the'experimental results 
which have been described. The occurrence of the movements is 
associated with a condition of increased excitability towards currents of 
long duration, and presumably this is one of the factors leading to their 
appearance. It cannot, however, be the sole factor, since a fall in tempera- 
ture diminishes the twitches although it is known to cause an increase 
in excitability towards galvanic currents®™. Presumably then, there 
exists another factor which regulates the appearance of the movements, 
which is reduced in efficiency by a fall of temperature. Possibly this 

factor may be the ionic velocity of the electrolyte or the condition 
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of viscosity of the muscle substance or the permeability of the membrane 
enclosing it. | 

The fact that the non-neural region of the muscle shows a marked 
change in the direction of heightened excitability when the muscle is 
placed in sodium chloride lends support to the view that the seat of 
origin of the spontaneous twitches is in the actual contractile substance 
of the muscle fibres. 

A relation between rhythm and “refraetory period” has been 
sought in most instances of rhythmic discharge. Obviously the periods 
of the rhythms exhibited by the sartorius are of quite a different order 
of magnitude from the “refractory period” of the muscle as tested by 
induction shocks, which, as Bazett™ has shown, has a value of about 
‘006 of a second, 

Carlson has drawn attention to the fact that there may be a 
period of diminished excitability in a rhythmically contracting organ, 
which he terms the “relative” refractory period—and indeed the 
“absolute” refractory period means no more than,an insusceptibility 
of the organ to the strongest stimulus tried. 

In the case of a structure showing rhythmic contractions it is 
presumable that the molecular complex, whose break-down is signalised 
by a contraction, must be in a more unstable condition when a 
contraction is about to take place than just after it has occurred. 
In the light of what has been said as to the differences manifested 
in the excitability relations towards different kinds of stimuli, it is 
clear that such alterations in stability may not affect the reaction 
towards the particular electric stimulus used for exploration. 

This disparity between rhythm and “refractory period” finds a 
parallel in the case of the motor cells of thg rabbit’s spinal cord. 
Under anwsthesia the limbs are often observed to give regular 
rhythmic movements with a period of a second or more. These 
movements are of centrdl origin, but their rate is independent of 
the respiratory rhythm, and indeed two limbs may sometimes be seen 
to move at the same time with unlike rhythms, Cells in the spinal 
cord are here giving rhythmic discharges at intervals very much 
greater than that usually understood as their refractory period. 

The rhythms of short period which I have mentioned as occurring 
most frequently in solutions containing a little potassium, seem to call 
for special consideration, It may be that the maintenance of such 
rhythms is to be explained by auto-excitation (cf. Gotch and Burch”). 
Ktihne™ showed that in an injured sartorius a single stimulus might 
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be followed by a multiple response, the action current accompanying 


each contraction serving as a stimulus for the next. Possibly in the — 


same way a single spontaneous contraction may be followed by a rapid 
series of twitches, each twitch being directly provoked by the electrical 
variation due to its predecessor. 


III. The influence of calcium and potassium chlorides on the electrical 
irritability of the non-neural region of the frog's sartorius, 


Previous work on the influence of salts on the excitability of 
muscle has been chiefly directed towards ascertaining the relative 
length of time during which excitability is maintained in the various 
solutions rather than to the determination of the more immediate 
alterations in degree of excitability produced by modification of the 
solution bathing the muscle. The object of my experiments has been 
to determine the influence of the addition or removal of calcium and 


Fig. 12. Fluid electrodes, with device for bringing successive regions of the sartorius 
within the constricted tube. The millimetre scale is set with the pointer at zero 
when the extreme pelvic end of the muscle lies in the constriction. 
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of potassium chlorides on the electrical irritability of the muscle fibres. 
The method of localisation of the stimulus must be first considered. 
The “direct ” excitability of muscles has often been tested by applying 
metallic electrodes to the muscle in any region. Our present knowledge 
of the physiological complexity of the sartorius suggests that such 
a method will give results difficult of interpretation. Another method 
of excitation commonly used is that of sending the current throughout 
the length of the muscle, the electrodes taking the form of metallic 
hooks inserted into the bony attachments of the muscle at each end. 
Since the effective excitation is at the kathode, it might be claimed 
that this method ensures stimulation of the non-neural region of the 
muscle alone. But when the currents used for stimulation are of any 
considerable strength it is open to question whether regions, other than 
the non-neural ends, may not be directly influenced by the current. 
It is conceivable that some histological discontinuity, such as that 
introduced by the intra-muscular nerves, may lead to the formation 
of internal physiological kathodes, after the manner in which tendinous 
intersections are known to act. This possibility is clearly eliminated 
by placing both electrodes in the non-neural region at the same end of 
the muscle. The electrodes which I employed for this purpose have 
been figured on a previous page. In order to test whether, under the 
conditions of experiment, the use of this form of apparatus would 
indeed secure the localisation of stimulation required, I made some 
preliminary experiments in the following way. 

The sartorius was supported by a glass hook and so arranged 
that successive portions of the muscle could be brought within the 
constriction. The device by which this was accomplished will be 
readily understood by a glance at Fig. 12. Beginning at the pelvic 
end the muscle was raised one millimetre at a time, and the position 
of the secondary coil of the inductorium needed to evoke a minimal 
twitch was determined with the various regions of the muscle lying 
in the constricted part of the tube. At the end of each experiment 
the muscle was stained with osmic acid and gold chloride by Mays’ 
method ® to show the distribution of the intra-muscular nerves. 
The preparation was drawn on a magnified scale with the aid of a - 
projection apparatus and this —— was compared with the plotted 
electrical observations. — 

The nature of the results cbisine in this way is illustrated by 
Figs. 13 to 16. These figures are photographs of the drawings placed 
in position beneath charts indicating the coil distances necessary to 
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just produce a twitch with the various regions of the muscle in the 
constriction. 


Fig. 18. Described in text. Fig. 14. Described in text. 


The chart shows the upper extremities of lines which if continued 
downwards for about three and a quarter centimetres would be of lengths 
proportional to the distances between the primary and secondary coils 


dull 


Fig. 15. Described in text, Fig. 16. Described in text. 


of the inductorium. I desire in this place merely to point out that in 
the region corresponding to the junction of the neural and non-neural 
regions there is a definite and often abrupt change in the current 
needed to excite. The sartorii used were taken from rather small 
specimens of Rana temporaria, and were about twenty millimetres in 
length. The histological and experimental methods seem to find 
mutual support. The apparent irregularity, sometimes to be seen 
at the extreme pelvic end of the muscle, may, I think, be due to 
the expansion of the muscle in this region, or perhaps to the partial 
obtrusion of the bony pelvic attachment into the orifice of the tube 
causing some alteration in the distribution of the lines of current 
density in the fluid, resulting in the passage of an increased fraction 
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of the current through the muscle fibres. The distribution of nerve 
fibres within the muscle varies considerably in different cases, but as a 
rule there appears to be a length of muscle not less than four or 
six millimetres free from nerves at the pelvic end. The figures given 
by Kitihne™ and Mays ™, showing the distribution of nerves in the 
sartorius, have been for the most part from preparations made from 
Rana esculenta; it may therefore be not superfluous to add here sume 
further photographs of drawings showing the nerve distribution in 
Rana temporaria, (See Figs. 17 to 20.) 


Fig. 17. Sartori of Rana temporaria. Fig. 18. Sartori of Rana temporaria. 
Treated by Mays’ method. 


Fig. 19. Sartorii of Rana temporaria. Fig. 20. 
Treated by Mays’ method. Treated by Mays’ method. 


In the experiments about to be described the sartorius was arranged 
so that a region one or two millimetres from the pelvic end lay in the 


constricted part’ of the electrodes, and it may fairly be taken that 
stimulation was confined to the non-neural part of the muscle. 
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The relative excitability of the muscle in each of various pairs of 
solutions was examined, for the most part by the method of sub- 
maximal stimulation already discussed. The stimuli used were 
galvanic currents of about 4 second duration, and single break 
induction shocks. Both kinds of stimuli were thrown in automatically 
by means of a Brodie clock, which in the former case closed a simple 
relay in the potentiometer circuit, and in the latter case operated 
a key which I devised for the purpose and which I have described 
elsewhere ™, The arrangement of the electrical circuits is indicated 
in Fig. 21. 


Fig. 21. Diagram of electrical circuits. Described in text. 


A represents the Brodie clock. By means of the switch B the 
current from the clock could be sent into the key D, resulting in the 
delivery of a single break induction shock, or into the key OC, the 
closure of which caused a current to flow through the potentiometer 
wire Z. The Gotch key C allowed either of these currents to be led 
to the electrodes H. 


To avoid fatigue the stimuli were delivered not more frequently 
than once in thirty seconds. 
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The solutions whose effects were tested were prepared by adding ~ 
‘1°/, solutions of calcium or potassium chloride to a ‘7°/, solution of 
sodium chloride, all in distilled water. As the amount of calcium or 
potassium chloride used never exceeded ‘1°/,, there was little variation 
in the osmotic pressures of the solutions and they always contained 
from ‘6*/, to “7°/, of sodium chloride, 

That the changes in height of contraction following the substitution 
of one solution for another were not due to alterations in the intensity 
of the stimulating current (such as might be produced by change in 
the resistance of the fluid column) could be inferred from the fact that 
these changes were progressive, but as a control in many cases I used 
the fluid electrodes in duplicate, arranging them in series so that the 
same current passed through both. The solution surrounding one of 
the muscles was left unchanged, and it was found that when the sub- 
stitutions of solutions were made in the other electrodes there was no 
change in the contractions of the first muscle. The two levers were 
arranged to write one above the other on the same drum. Before 
beginning an experiment the solutions were always allowed to assume 
the temperature of the room ; in the experiments to be described the 
temperature lay between 15° and 20°C., the actual variation in tempe- 
rature during the course of an experiment was negligible. 


The influence of potassium chloride. 

It has been shown by many workers that potassium salts exert a de- 
pressant action on muscular excitability. Thus Ringer and Murrell™ 
found that treatment with potassium chloride caused an early disap- 
pearance of irritability from the musculature of frogs. * Locke™ 
observed that this salt reduced and finally abolished the response of the 
sartorius to induction shocks, Biedermann speaks of potassium salts 
as muscle poisons exerting a highly depressant and inhibitory action on 
the excitability of both skeletal and cardiac muscle. On the other hand 
Ringer™ discovered later that the contractions of a sartorius which 
had been frequently stimulated in sodium chloride were increased by 
the addition of potassium chloride. Carlson” states that although 
potassium chloride depresses the activity of the muscular tissue of the 
heart of Limulus, it exalts that of the isolated ganglion. It has been 
pointed out by Griitzner™, Zenneck™, Zoethout™ and others that 
potassium chloride in isotonic solution causes an immediate and pro- 


longed contraction when applied to striated muscle, and this fact in 
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itself renders it probable that the salt in smaller doses will have some 
action other than depressant’. 

I find that the primary effect of potassium chloride, in sufficiently 
small quantities, is to produce a great increase in the excitability of the 
muscle towards both the galvanic current and induction shocks, This is 
illustrated by the record shown in Fig. 22. When tested on the same 


Fig. 22. Sartorius of frog. Stimulated alternately with galvanic current and induction 
shock at 30 second intervals. Each response to an induction shock is marked with a 
cross. At the beginning of the tracing the muscle was in NaCl -7°/,; at the arrow 
the fluid was changed to NaCl ‘65°/,, KCl -05 %,. 


preparation the increase in excitability towards the galvanic current 
_ appears greater than that towards induction shocks. 

The magnitude of the effect produced by a given dose varies in dif- 
ferent muscles, but a quite appreciable exaltation has been observed 
when the proportion of potassium used amounted to only ‘01 °/,. 

The secondary effect of potassium chloride is a reduction in excitability 
which goes on till there is a complete abolition of the twitch in response 
to any kind of stimulus (Fig. 236). This stage is quickly reached when 


1 In a recent conversation Dr F. 8. Locke informed me that in 1894 he observed an 
increase in the excitability of the sartorius towards induction shocks as the primary 
result of adding either potassium or calcium chloride to a solation of sodium chloride 
surrounding the muscle. The stimulation was not confined to the non-neural region of 
the muscle. These experiments were not published. 
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the solution contains ‘1 °/, potassium; it is also arrived at by the more 
prolonged action of weaker solutions. 

Sodium chloride restores the excitability after its depression or 
abolition by potassium chlorides (see Fig. 24). If the potassium 


Fig. 23. Sartorius of frog. Stimulated with single break induction shocks at intervals 
of 80 seconds. a shows the effect of -05°/, KCl, 6 that of -1°/, KCl. At the 
‘beginning of a and 6 and during the five minutes which elapsed between them the 
muscle was in NaCl *7°%,. 


chloride has not been allowed to act too long, it is found that the change 
to sodium chloride may be followed by a rise in excitability which reaches 
a higher value than that shown by the muscle when it was in sodium 
chloride before the treatment with potassium. The probable explanation 
of this phenomenon is that as the potassium diffuses out of the muscle 
its concentration becomes reduced to that at which it exerts a beneficial 
effect on the excitability. 


Fig. 24. Simultaneous records of contractions of right and left sartorii of frog, stimulated 
by the same induction shock at intervals of 30 seconds. The irritability of the 
upper muscle had been abolished by three hours’ immersion in KCl -05°/,, NaCl -65°/,. 
This was replaced by NaCl -7°), five minutes before the beginning of the tracing. 
The control muscle was in the latter solution throughout. 


The twofold effect of potassium chloride on the excitability of the 
sartorius was equally evident when sought for by the method referred to 
before as that of the minimal twitch. An instance may be quoted. 
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Frog’s sartorius excited at pelvic end by closure of constant current. 
Position of slider of 
twitch 

‘Musclein 7%,NaCl ...... 80 

After 5 minutes in °05°/, KC] ... sie 20 

” 20 ” ” ove 90 


A second dose of potassium chloride, after the effect of the first has 
been removed by sodium chloride, produces its depressant effect more 


quickly; the primary exaltation is less pronounced and may even be 
absent. 


Certain points in connection with the effect of this salt on the form 
of the contraction curve in response to electrical stimuli may be mentioned 
here. 

Ringer and Buxton™ showed long ago that the form of the muscle 


_ twiteh evoked by an induction shock is greatly modified when the muscle 


is kept in sodium chloride solution; the relaxation being much pro- 
longed. I find that the addition of a little potassium chloride constantly 
has the effect of converting this contracture into a rapid twitch. 
Fig. 25 will serve to illustrate this. 


Fig. 25. Response of frog’s sartorius to single break induction shocks. @ in NaCl -7°,, 
b one minute after the fluid had been changed to KCl -1°/,, NaCl -6%,. Time 
marked in seconds. 


When the muscle is stimulated with the galvanic current another 


feature of the action of potassium chloride becomes apparent. As the 
twitch which occurs on closure of the circuit. becomes first quickened 


and then abolished, the kathodic shortening which persists during the 
whole time the current is flowing becomes more prominent, and when 
the twitch has completely disappeared the kathodic shortening remains 
evident (cf. Fig. 29). 
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Saito™ found that the prolonged contraction in response to a 
galvanic current was reduced in muscles that had been exposed to the 
action of moderately small doses of potassium chloride. 

His “dauerverktirzung” is not identical with the kathodic shortening, 
since in the first place it may occur either at the commencement or 
termination of a galvanic current and secondly it may pass off during 
the passage of the current which elicits it. Saito, however, appears not 
to clearly distinguish the two reactions, which are both to be seen in his 
graphic records, His failure to obtain any evidence of the increase in 
the kathodic shortening as the result of the action of potassium must be 
ascribed to the fact that he left the muscles for several hours in the 
solution before the tests were made. 


The influence of calcium chloride. 


It is well known from the work of Ringer ™ ™ that the addition of a 
calcium salt to sodium chloride solution enables it to maintain muscu- 
lar irritability for a much longer time. Locke™ showed that calcium 
chloride would restore. the indirect ex- 
citability of muscles after it had dis- 
appeared through immersion in sodium 
chloride. Carlson mentions that the 
action of calcium on the heart muscle of 
Limulus is to produce immediate de- 


By the method of submaximal stimu- 
lation I find that the addition of a small 
amount of calcium chloride to the sodium 
chloride solution bathing a sartorius 
causes ‘an immediate diminution in the 
excitability towards currents of long 
duration (see Fig. 27). 

The addition of 1 °/, calcium chloride 
may cause abolition of the twitch leaving is. 26. Sartorii of frog, series 


a somewhat diminished kathodie con- 


traction. single break induction shocks. 
When the stimulus used is an in- - Lower muscle in NaCl -7°/,, 
duction shock the effect of calcium changed at arrow to CaCl, 


chloride on the excitability is variable. /e» NaC) “65 Upper 
When the muscle has been in sodium throughout. 
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chloride for a comparatively short time the addition of a small dose 
of calcium sometimes produces no apparent change in the excitability : 
more frequently it causes a slight fall, This effect is showm in Fig. 26. 

The different degree of effect on excitability towards galvanic and 
towards induction currents is clearly seen in Fig. 27. 


Fig. 27. Sartorius of frog. Stimulated at intervals of 30 seconds alternately with 
galvanic current and break induction shock. The responses to induction shocks are 
marked with crosses. 


When the muscle has been in sodium chloride for some considerable 
time, and particularly if it has been frequently stimulated, the addition 
of a little calcium chloride distinctly increases the excitability towards 
induction shocks. Fig. 28 illustrates this action and provides a good 


Fig. 28. Sartorius of frog. Stimulated with break induction shocks at intervals of 
30 seconds, The muscle had been in NaCl *7°/, for 14 hours. Between the arrows 
@ solution was substituted containing CaCl, -05°/,, NaCl -65°/,. 


instance of the frequently observed fact that calcium makes the responses 
much more regular. Attention has been called earlier in this paper to the 
_ irregularity commonly shown in a series of contractions in response to 
regular stimuli by the sartorius in sodium chloride. I have not observed 
any increase in excitability towards galvanic currents on the addition of 
calcium chloride, even after prolonged immersion of the muscle in sodium 
chloride. 

A few experiments were made to test the excitability towards 
currents of various durations in the manner referred to in the section 
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dealing with the excitability in Ringer’s solution and sodium chloride. 
The results obtained were very similar. Some data may be quoted. 


Frog’s sartorius. Stimulation near pelvic end. Temp. 15°5—16° C. 


Position of slider of potentiometer for minimal twitch. 
(Max, 100,) 1 dry cell 


14 NaCt 7% 14, 
0015” 62 65 69 
0028’ 54 56 59 
004” 46 40 48 
007 ” 40 32 39 
0155” 29 26 88 
082” 24 20 30 
05” 20 17 20 
07” 19 16 22 
094” 19 14 21 
421” 19 12 21 

“Infinite” duration 19 20 


It will be seen that there is a slight progressive fall in excitability 
during the experiment. so that in the third column the values are slightly 
higher than in the first. Comparing the mean of the two sets of obser- 
vations made in the solution containing calcium with the intermediate 
set in sodium chloride, it appears in this case that the excitability of the 
muscle towards currents of very brief duration is the same in both 
solutions, whereas with longer currents the excitability in the solution 
containing calcium is much less, 

While the current strength needed to excite the muscle when in 
sodium chloride continues to fall as the current duration is increased 
over a range which extends beyond ‘12”, it is noticeable that when the 
muscle is in the solution containing calcium chloride the current strength 
needed to excite it remains roughly constant for current durations above 
07". 


Comparison of the effects of calcium and potassium chlorides on the 
spontaneous movements of the sartorius with the action of these 
salts on the irritability of the non-neural region of the muscle. 


It is of interest to note that the effect of calcium and potassium 
chlorides on the irritability of the non-neural region of the sartorius 
towards galvanic currents of “long” duration follows the same course 
as the influence of these salts on the activity of a muscle exhibiting 
spontaneous movements in sodium chloride solution. 
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As I have pointed out in the first section of this paper the addition 
of a small dose of potassium chloride to a solution of sodium chloride in 
which a sartorius is giving spontaneous movements causes @ primary 
increase in the movements, followed by a secondary diminution or 
abolition: in the same way it brings about a primary exaltation and 
a. secondary depression of the irritability towards galvanic currents. 
Calcium chloride produces an immediate diminution in the activity of 
the spontaneous movements, and similarly an immediate depression of 
the excitability towards galvanic currents. 

It has been seen that while the influence of potassium on the excita- 
bility towards induction shocks is qualitatively the same as its influence 
on the excitability towards galvanic currents, a similar relation does 
not obtain in the case of calcium. 

It again appears that the excitability of the muscle towards galvanic 
currents affords some criterion of that condition of the muscle which 
leads to spontaneous contraction. 


Antagonism between calcium and potassium. 
The existence of an antagonistic actiun between the salts of calcium 


and potassium was pointed out by Ringer®™ and has since been 
described by Loeb™, Overton™, and others, Loeb has introduced 


Fig. 29. Sartorius of frog. Stimulated with galvanic current (potentiometer 90, two 


dry cells). 
a in CaCl, -06°),, KCl -05°/,, NaCl -6%,. 
b after 8 minutes in KCl 05°/,, NaCl -65°%,. 


9 6 ” ” 
10 ” ” ” 
15 ” ” ” ” 
f ” 20 ” ” ” ” 
g ” 26 ” ” 


The middle line marks the time in seconds, the lowest line 
ar : indicates the duration of 
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the conception of a physiological balance existing between the various - 


ions in a saline mixtare such as Ringer's solution. 

The mutual checking action exercised by calcium and potassium 
chlorides, as regards their influence on muscular excitability, is well 
brought out by the method of experimentation which I have used. The 
removal of’ calcium from a mixture containing calcium, sodium and 
potassium is followed by alterations in the excitability of the immersed 
muscle exactly similar to: those produced by the addition of potassium 
to a solution of sodium chloride. Fig. 29 illustrates the results obtained 
when the stimulus employed was a galvanic current. The removal of 
calcium from the solution is seen to be followed by an increase both in 
the twitch and in the kathodic shortening, the twitch subsequently 
diminishes and soon disappears, though the kathodic shortening remains 
distinctly greater than before the removal of the calcium. The removal 
of potassium quickly reveals the depressant action of calcium (see 
Fig. 30). 


Fig. 30. Sartorius of frog. Stimulated alternately with galvanic currents and induction 
shocks at intervals of 80 seconds. A cross is placed beneath each response to an 
induction shock, At the beginning of the tracing the muscle was in NaCl -6°/,, 
KCl -05 */,, CaCl, -05°/,. As indicated by the arrows, this solution was replaced first 
by CaCl, ‘05 */,, NaCl 65 °/,, and afterwards by KCl 05 °/,, NaCl -65°,. 


Similarly the addition of potassium to a saline solution containing 
calcium causes an increase in excitability less in degree than would be 
produced in the absence of calcium. Moreover an amount of potassium 
which in the absence of calcium would cause an abolition of excitability 
in the course of a few minutes, may, when calcium is present, manifest 


its primary exaltatory effect alone. The antagonism is not complete, 
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for as Overton ™ has shown, a moderately small dose of potassium can 
entirely paralyse the muscle no matter how much calcium is present. 


SUMMARY AND CONCLUSIONS. 


The study of photographic records of the “spontaneous ” movements 
of amphibian muscles in saline solutions shows that these movements 
often exhibit a definite rhythm, which while it persists is comparable 
in regularity to accepted physiological rhythms such as that of the 
beating heart. Irregular tracings frequently prove on analysis to result 
from the mechanical interference of several rhythmic components. The 
ease with which the twitches can be elicited by the use of ‘7 °/, sodium 
chloride varies somewhat in muscles from different regions of the body, 
‘ but by perfusion of the blood vessels with the solution the movements 
may be produced in the whole skeletal musculature. The periods of 
the rhythms recorded vary in different cases from 6 seconds to 06 of a 
second. 

The movements will continue in the presence of a concentration of 
curare greatly in excess of that required to disorganise the myo-neural 
junction. Large doses of curare abolish the movements, but this action 
is shown to be sufficiently accounted for by the influenced of inorganic 
salts present in the curare. This tolerance of curare suggests that the 
source of the movements lies in the contractile substance of the muscle 
fibres. More conclusive evidence on this point is derived from experi- 
ments on the electrical irritability of the sartorius, carried out by 
methods which are shown to confine the stimulus to the non-neural 
region of the muscle. The appearance of the movements is associated 


with a greatly increased excitability of this region towards galvanic 


currents of long duration. There exists, moreover, a striking parallelism 
between the influence of calcium and potassium chlorides on the 
spontaneous movements and the effect of these salts on the excitability 
of the non-neural region towards the variety of stimulus mentioned. 
Thus the addition of calcium chloride to the sodium chloride solution 
. surrounding the muscle leads to an immediate diminution or cessation 
of the movements and a fall in the excitability of the non-neural region 
towards galvanic currents. Potassium chloride at first increases the 
movements, often causing a very rapid rhythm, and then stops them 
entirely; its effect on the excitability towards galvanic currents is a 
primary exaltation and a subsequent depression. 


The truly rhythmic character of the movements taken iu conjunction 
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with the strong probability that they are myogenic, emphasises the 
fundamental similarity between the skeletal and cardiac muscle fibres 
of vertebrates. 

The apparent changes in excitability produced by various saline 
solutions may differ according to the duration of the current by which 
the excitability is tested; there may be a change of excitability towards 
galvanic currents of long duration when none is observed towards short 
galvanic currents or induction shocks. In all probability this is also 
true of the individual fibres of the muscle. 


The antagonism between calcium and potassium is well shown in 
their action on muscular irritability. 


In conclusion I sincerely thank Professor Langley for his invaluable 
criticism and advice, and Mr Keith Lucas for the loan of several 
pieces of apparatus without which much of this work could not have 
been done. 
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“A NOTE ON THE SIMULTANEOUS OCCURRENCE 
OF SINUS AND VENTRICULAR RHYTHM IN MAN.” 
By THOMAS LEWIS anp A. SALUSBURY MACNALTY. 


(From University College, London.) 


THIS communication is based on some observations recently made 
upon a man exhibiting unequivocal signs of the condition known as 


heart-block. It is made, not only because ‘certain facts have been 


observed, the interpretation of which is of physiological importance, 
but also to draw particular attention to the possibility of accurate 
deduction from tracings taken by clinical instruments. It is impossible 
within the limits of this short note to enter upon a discussion of the 
accuracy of the method employed; the interpretation of simultaneous 
arterial and venous curves has, since the introduction of new methods 
by Mackenzie in 1894, proved of considerable value, and the reliability 
of the graphic records has been fully substantiated by the results 
which they have yielded. The uniformity of measurement in the 
table and tracings given should in themselves constitute a sufficient 
defence. 

The full report of this case involving, as it will, reference to facts of 
purely clinical significance necessitates a restriction of our remarks ; 
neither will it be possible to deal fully with the actual proof of heart- 
block in this man, for it would entail a prolonged discussion of the 
practicability of venous pulse interpretation’. It should, however, be 
stated that the features of this case are in full accord with the 
observations on the now numerous and critically reported cases of 
many other writers, notably with that of Erlanger published in 1905. 

We shall proceed to give a detailed analysis of a tracing taken with 
the ink-writing polygraph on September 26th, 1908. The levers of 
the polygraph (a full description of which will be found in the British 
Medical Journal, 1908, 1. p. 1411), which record, respectively, time in 


1 The venous tracings have since been substantiated by electrocardiograms taken with 
the string galvanometer of Einthoven. 
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} sec., radial pulse, and the volume of the veins of the lower part of 
the posterior triangle of the neck, write simultaneously on a strip of 
paper 40 feet in length, unwound from a roll. The tracings so taken 
yield a graphic record of the events occurring in the left ventricle and 
right auricle, and enable an analysis of the separate events obtaining 
in these cardiac chambers. For, by a subsequent record taken 
synchronously from radial and carotid, that wave in the jugular 
curve which represents the onset of ventricular systole is determined, 
a wave marked in the accompanying tracings by the letter c. The 
actual representation of auricular systole by those waves marked a is 
checked by their occurrence at equidistant time intervals and the 
appearance of a certain proportion of them at a presystolic instant. 
They are, on the whole, approximately of double the frequency of 
the ventricular waves, but the ratio of the rate of one to the other 
shows, from time to time, an alteration, and it is the elucidation of 
the cause of this altered ratio which will chiefly engage our attention. 

In the following table a complete analysis of those portions of this 
tracing which are readable is given, and the events are stated in 
columns as follows :—No, of observation ; length of the pulse beats in 
$ sec.; ratio of auricular to the ventricular rhythm; auricular rate ; 
and lastly a—c interval in secs. The a—c interval is the approximate 
distance between those waves of the jugular pulse which represent the 
onset of auricular and ventricular systole. This interval has been 
shown in the normal subject to be of very constant duration and is, 
within small limits, ‘2 sec. It will be seen in the table that such 
an interval has rarely been found, and that during the long preliminary 
period, when the ratio of rhythms is 2:1, it measures “4 sec. This 
observation in itself demonstrates the prolongation of the conduction 
time from auricle to ventricle, a period of which the a—c interval forms 
a convenient measurement. 

It will be seen, on glancing down the column in which the ratio of 
rhythms has been stated, that there is a variation between 2 : 1 : 
alternating 2:1, 3:1 ratios, and complete heart-block or dissociation, 
and that there are places in which one ratio passes into another, and 
places in which the ratios are intimately mixed. In this note it will 
suffice if portions of the separate ratios are demonstrated ; if the passage 
of one into another is illustrated; if the interpretation of those 
portions which are obviously mixed is given ; and lastly if some remarks 
upon the causation of these ratios and their variability are offered. 


1 The expression 2 : 1 ratio denotes auricular rate : ventricular rate. 
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“y of Rhythm A interval | wt of Rhythm As interval 
V, in 1/6 sec. ratio rate in see. obs, V,in ratio rate in sec. 
1' 24 av. 9°46 2:1 63-4 43 11°75 5 
2 15, av. 10°3 , 2:1 58-2 44 11°25 62 1 
3? 4, av. 102 2:1 58-8 45 9°75 5 
4 4, ay. 10°2 2:1 58°8 av. “4 46 9°75 46 
5 4,av.100 2:1 60 av. ‘4 47 9°75 2: | 62°6 “4 
6 4, av. 10°2 2:1 58-8 av. °46 48 9°75 “44 
7 9, av.100 2:1 600 av. | 96 44 3 
9, av. 96 2:1 62°5 av. ‘50 50 1146 
2, av. 9°3 2:1 64°5 51 115 3 83 
preceding ‘1 ‘15 
10 9°5 2:1 5 zal “ao 
13 125 . 8:1 64} thes 
| 87 9°5 #11) “4 
15 12°5 8:1) -60 61°7 
{3 av. 10°0 2: 27 59 
8, av. 12°22 8:1; av. “67 / 60 8, av. 9°83 2:1 64°5 
18 106 2: ey 65-2 2 61 40, av. 100 2:1 60 av. *5 
19 12°0 8:1 6 62 1%, av. 9°6 2:1 625 av. 
20 11°75) 2 63 8, av. 96 2:1 pte av. 56) 
21 11°75 6 64 5, av. 9°4 2:1 63-8 
22 116 15 65 
av. : venous curve 
4, av. 10°1 2: i} 
95 11-75 Complete 3 co 8:1 55 
76 H.B. 67 10°3 2:1 
28 115 0 70 is 
29 11°75 ‘14 n 
18 11°75 C.H.B. 69-0 8 
82 11°5 C.H.B. 58 -06 one 
76 100 05 
85 9°5 2:1 5 “ 
78 10-0 2:1 24 
O.H.B. 620 79 12-0 8:1 68°5 “55 
ye 81 9-2 2:1 5 
10°5 C.H.B 120 8:1 
9°3 2:1 68-1 5 
83 10°2 2:1: 660 24 
42 9°75 2:1 “44 
85 11°75 0.H.B. “4 


1 During these beats patient swallowed three times. No effect on V,—V,. 

? Patient swallowed three times. * Natural breathing. 4 Breath held. 5 Breathing resumed. 

* The succeeding beats probably originated in the auricle as they are preceded by a—c intervals of 
“45 and sec. respectively. 

7 Venous details indistinct on account of deep breathing. 8 Amyl nitrite inhaled, 
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Fig. 1 illustrates observations 45—48 and represents a portion 
of 2:1 ratio. It will be seen that the waves marked a@ and c 
respectively occur at moments which stand in definite relationship 


a a 


Ca acta 
238 


Fig. 1. Obs. 45—48,. As in all tracings the upper curve indicates } secs., the middle 
curve the jugular pulse, and the lowest curve the radial. Four cycles, Nos. 45—48, 
of 2: 1 ratio are shown, during apnea’. 


to one another. (This portion of 2: 1 ratio is chosen because 
it occurs at an early part of a period of apnwa, when the jugular 
curve is uncomplicated by respiration.) The lengths of the pulse- 
beats are a 
tracing shows the relationship of contraction of the cardiac chambers 
as they have been observed during long periods with the patient at 
rest in bed. It has been found however that such a ratio, when 
present, is readily altered from time to time by conditions such as 
apnoea, deep breathing, the exhibition of drugs and other interferences 
of a less definite character, the full details of. which will be recorded 
on a subsequent occasion. The last four beats of Fig. 2 illustrate 
complete heart-block. They constitute a period over which there is no 
demonstrable harmony between auricular and ventricular rhythms, for 
it will be observed that the a and c waves bear no constant relationship 
to one another in their incidence. Now this portion of the tracing 
is merely illustrative of a condition of dissociation which has been 
observed on many occasions, and the striking fact should be noted, 
that the length of the pulse-beats during such a period shows surprisingly 
little variation. The length of a single ventricular cycle is within a 
small fraction of — secs, The actual time distance is of importance, 
for a cycle of this length never occurs in the table given, unless there 


' It will be noted that in this figure the ‘a’ waves are not quite equidistant. The 
significance of this will be discussed in a future communication. 


secs. and the a—c interval averages °45 sec. The 
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is reason to believe that the upstroke which terminates it is the result 
of a beat, produced inherently in the ventricle, ie. is caused by the 
explosion of a hypothetical substance built up in some portion of the 
ventricular musculature, and is in no way dependent upon impulses 
received from the auricle, 

The measurements of pulse-beats given belong to several groups, and 
two of these we have already considered. The first, which is dependent 
upon the transmission of alternate auricular impulses, is subject to the 
same variation as in the corresponding sinus rhythm ; the second, as has 
been seen, shows no appreciable variation for relatively long periods of 
time. The remaining groups may now be considered, and the alternating 
periods of approximately 10 and 12 may be taken together. Such an 
alternation is to be found in observations 11—19, 65—72, and 75—80. 
It is illustrated in Fig. 2 over the first four beats (obs. 17—19), in the 
first three and last beat of Fig. 4 (obs. 70, 71, 72 and 75). It will be 
seen in Fig. 2, and similar events are shown in Fig. 4, that each cycle of 
10> or “2 corresponds to two auricular waves, while each cycle of 
corresponds to three auricular waves, and that the cycles alternate. The 
alternation is marked bya variation in the a—c interval; a long ventricular 


cycle is succeeded by a short interval (in the Fig. ~~ sec.) while the short 


cycle is followed by an interval of three times this duration. The 
variation is due to the difference in the time over which recovery of 
cardiac muscle function (conductively) takes place, and an explanation 
of the alternation and its relation to the a—c interval will be subse- 
quently offered. A further group of ventricular cycles of varying 
length remains which requires explanation. The cycles are illustrated 
in Fig. 3 (obs. 33) and Fig. 4 (obs. 74) They are cycles which are 


70 7) 1% 73 1% 


Fig. 4. Obs. 70—75, The first three cycles belong to 2:1, 8:1 ratio. The upstroke of 


cycle 73 is due to a transmitted impulse from auricle. Cycle 78 is terminated by the 
occurrence of a spontaneous ventricular beat. Cycle 74 closes with a beat due to 
auricle. Cycle 75 is a 3:1 cycle, and is the first of a series of cycles belonging 
to a period of 2:1, 8:1 ratio. (Reduced to § size.) 


a 


i 
ace ae a2 
a eC ae Af ae 
a i PAAVIY VV 
5 
12-0 (2-0 
i 


HEART RHYTHM. 451 


preceded by a—c intervals which usually bear’, as in the case of 
obs. 74, no relationship to the length of the preceding cycle. The 
onset of these is consequently. attributed to inherent ventricular 
rhythm, and the reduction of their length, to a period of less than | 
_ sec., is assigned to the commencement of ventricular beats of 
sinus origin. It is impossible to fully evidence this view without 
publishing all those portions of our now abundant curves, in which 


complete héart-block passes into a lesser grade, but it may be stated 


that such a shortening invariably succeeds a stage of complete dis- 
sociation. “On the other hand the onset of complete heart-block 


bly starts Wvi of 


5 Nec. or thereabout, as illus- 


trated in Fig. 2 (obs. 20); Fig: 3 (obs. 36) and Fig. 4 (obs. 73); and 
while it cannot be shown that the upstroke which starts these cycles 
is the result of an inherent ventricular stimulus, but on the other 
hand there is evidence to show that it commences as the result of a 
transmitted sinus impulse, yet the succeeding beat is invariably pre- 
ceded by an a—c interval which shows no relationship to the preceding 
pause. It is, in fact, the constancy of the cycle, and the inconstancy 
of the succeeding a—c interval, which have determined us in interpret- 


ing the period = as due to the time taken for the building up of 


the rhythmical substance which occasions a spontaneous ventricular 
contraction. 

Sufficient has been said to show the method by which the tracings 
are unravelled and we shall content ourselves by stating that as yet 
no length of ventricular cycle and no length of a—c interval have been 
met with, which are not fully accounted for by the explanations. offered. 
It is the absolute accordance of the figures which renders us confident 
that these tracings allow of one interpretation and one interpretation only, 
namely the simultaneous production of stimulus matter in two centres, 
and the response of the ventricle to stimuli derived from two sources, It 
is not a question of the predominance of one rhythm to the exclusion of 
another; it isa question of the intimate admixture of responses from both. 

The fact that the commencement of complete heart-block is invari- 


ably marked by a constant period = sec. and that such periods 


1 It will necessarily happen occasionally, as a matter of coincidence, that this will not 
hold (obs. 33). 
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may be interpolated as in Fig. 4 (obs. 73), is in itself sufficient to 
demonstrate that stimulus production in the ventricle is constantly 
taking place. Further, those cycles which commence in an upstroke 
due to the transmission of an auricular impulse, and continue for the 
aforesaid time, show that the instant of onset of the anabolic processes, 
upon which stimulus production may be supposed to depend, is 
definitely related to the contraction which marks the commencement 
of the particular cycle; i.e. any material which has been built up in 
the ventricle at the time when the contraction occurs is abolished and 
its construction starts afresh from that moment. A similar view has 
been expressed by Cushny and Matthews in explanation of the absence 
of the compensatory pause in certain auricular extra-systoles. It is 
supposed that the extra contraction starting in the auricle spreads, 
not only to ventricle, but also to the sinus, there destroying rhythmical 
substance in the process of formation. 

The destruction of the rhythmical material in the ventricle, by 
contraction of the ventricle, is also evidenced by the fact that the 
spontaneous ventricular rhythm is definitely interrupted by any con- 
tractions transmitted from the auricle. Such an interruption is shown 
in Fig. 3, where two beats of the ventricle (obs. 34 and 35) in response 
to the auricle are interposed in a period of complete block. The 
dotted lines below the tracing indicate the positions at which spontaneous 
ventricular contractions would have occurred in the absence of inter- 
ference. 


The ultimate factors operating in the production of changing or 

mixed ratios. 

Our knowledge of the separate functions of the heart, derived from 
the work of Gaskell and Engelmann, renders possible an interpre- 
tation of the events which have been described. At the same time it 
must be noted that the dependency of a ventricular contraction upon 
the recovery of three separate functions (excitability, contractility, and 
conductivity), allows of the explanation of the suppression of a 
ventricular beat in one or four separate ways. There is reason to 
believe that the conduction of an auricular impulse to the ventricle, in 
the mammalian heart, is dependent upon the functional integrity of the 
narrow and specialised band of tissue known as the awriculo-ventricular 
bundle. And it will be obvious that though an increased a—c interval 
is most rationally ascribed to a diminution in the recovery, or to an 
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actual lessening of the function conductivity, yet the falling out of a 
ventricular contraction may be due to the depression of one of the 
three, or of all, the functions above named. The multiple interpretations, 
which the distinction of these separate functions allow, necessitate the 
restriction of discussion to more general terms. It is consequently 
proposed to consider the functions of that portion of the musculature 
which lies between auricle and ventricle as a whole, and to express the 
period over which they are insufficiently developed by the symbol R. 
The period R is intended to represent the time taken for the recovery 
of these functions in sufficient degree to allow of the passage of an 
impulse, 

In the accompanying diagram, Fig. 5, RR is represented by the 
black triangles, and the oblique line wy represents the gradual recovery 
of the functions as a whole. They become efficient for the passage of 
an impulse when the oblique line wy crosses a base line drawn through 
the points of the triangles. The transmission of an impulse due to 


As 


Fig. 5. A diagram illustrating certain changes of the ratio of auricular to ventricular 
rhythm, which may be supposed to occur as a result of altered auricular rate. 
A, = guricular and V, = ventricular contraction. R=the refractory period of bundle 
function as defined in the text. The oblique lines joining A, and V, represent the 
transmission of auricular impulses to ventricle, The lines z, y represent recovery of 
bundle functions. SP represents the building up and periodic destruction of stimulus 
matter in the ventricle. The complete development of stimulus matter is interfered 
with in cycles 1—8 by ventricular beats, and by auricular impulses c*, c*, and c*. 
In the last cycles there is no interference and spontaneous ventricular beats occur. 


any particular auricular contraction, (A,), must necessarily depend upon 
the time of its occurrence, and the condition of the functions, at this 
instant. An alteration of the relationship of A, to R, the period of 
refraction, may occur as the result of a variation in the auricular rate or 
as a consequence of a variation in the length of the period R. In the 
accompanying table it will be seen that the condition of 221,3: 1 
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ratio occurs with a relatively high auricular rate, and that the change 
of ratio from 2 : 1 to 2:1, 8:1 is accompanied by an increase of 
auricular rate. The fact suggests that the 2: 1, 3 : 1 ratio is dependent 
upon this increase, and as in most instances it is in itself a sufficient 


explanation of the changed ratio, as will be presently shown, it is 


unnecessary to imagine a simultaneous change in R. The explanation 
which .is offered is expressed in the diagram (Fig. 5) The small 
rectangles represent auricular contractions, the large rectangles ventri- 
cular beats; the oblique lines joining A, and V, indicate the conduc- 
tion of impulses, and the obliquity of the line diagrammatises the rate 
of transmission. An oblique line falling on a triangle represents the 
extinction of an auricular impulse in refractory tissue, prior to its 
reaching the ventricle. The auricular rate in the diagram is gradually 
increased throughout, while the periods R are maintained of constant 
length. 

The actual length of R is estimated in the following way. During 
the first two ventricular cycles, where a 2 : 1 ratio is present, it is 
obvious that R is in excess of the distance (A,—A,)', while it is less 
than the distance 2(A,—A,). In the next cycles it is equally apparent 
that R is less that the period 2 (B,—B,) of a 2:1 cycle (cycles 4 and 
6), but that it is greater than the period 2 (B,—B,) of a 3: 1 cycle 
(cycles 3, 5, 7), where B, represents contractions of the bundle. An 
explanation of the alteration based upon a fluctuation of the period R, 
would entail the assumption of an alternating fluctuation from cycle to 
cycle, the cause of which it would be difficult to apprehend. At the 
same time such an assumption is superfluous, For we know from 
actual measurement that 2 (B,—B,) in the 2:1 cycle is longer than 2 
(B,—B,) of the 3 : 1 eycle, by a distance which gradually increases 
from 0 sec. to the difference between the a—¢ intervals of 2 : 1 and 
3: 1 cycles respectively, as the contraction is traced from the auricular 
to the ventricular end of the bundle. The slower conduction following 
upon a 2: 1 cycle retards the commencement of recovery of the bundle 
function at any given point, and in the diagram displaces R further 
to the right; on the other hand the relatively quick conduction 
succeeding a 3 : 1 cycle produces precisely reverse effects. It so 
happens that in a 2: 1 cycle (such as Nos. 4 and 6) the third auricular 
impulse (a* and a*) passes, while in 3 : 1 cycles (Nos. 3, 5 and 7) it is 
caught on the end of R (c*, c* and c*). 

The view adopted and above stated is sustained to a large extent 

| The distance between one auricular contraction and the next. 
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by the fact that there appears a remarkable tendency for the 2:1, 3:1 
ratio to occur with the auricular rate at 67 per minute (as shown in 
the table). It is true that at one point it occurs for a short interval 
with the auricular rate at 65°2 per minute (obs. 18 and 19) and it is 
necessary in this instance to assume (as also in obs, 75-83) an alteration 
in the period R. In brief, the 2 : 1, 3: 1 ratio depends upon a fixed 
relationship between R and the auricular rate, and this relationship 
may be stated approximately by the expression R= 2(A,—A,)—n, 
where n = a small fraction. 

We may now turn to an explanation of the causation of the periods 
of complete heart-block. They may be of two kinds, There are short 
periods consisting of one or more beats, and long periods consisting 
of many beats. Dealing first with the short periods, it may be noted 
that a further increase of auricular rate as indicated in the diagram 
(Fig. 5) must disturb the ratio 2:1, 3:1, if R is constant, for in each 
cycle the third auricular impulse (namely c’ and d’*) will tend to fall on 
the period R; i.e. a pure 3:1 ratio will be established. Now such a 
ratio is absent from the table, and this is due to the fact that the length 
of a 3:1 cycle would exceed the period of production of a spontaneous 
ventricular beat, which is consequently developed. Its development is 
illustrated in the last three cycles (Nos. 8, 9 and 10) of the figure, and it 
will be seen that, if we assume that the spontaneous ventricular con- 
traction has the same effect’ upon the functions of the bundle as has the 
transmitted auricular impulse and the contraction resulting from it (i.e. 
if we still hold R to be constant), gaps will be left between the termina- 
tion of R and the occurrence of the next ventricular beat. The evidence 
for such gaps is the appearance of shortened cycles starting as 
spontaneous ventricular beats (4s illustrated in Fig. 3, obs. 33 and 
Fig. 4, obs. 74). Their presence would account for interrupted periods 
of complete heart-block and the occurrence of an occasional interpolated - 
spontaneous ventricular beat. There remains one chief difficulty, namely 
the fact that the periods of spontaneous ventricular contraction are of 
: eh sec., while the 3:1 cycles of those periods showing 2:1, 3:1, ratio 
are in excess of this figure. Whether the hypothesis suggested meets 
with acceptance or not, this difficulty still remains, and the only 
explanation possible lies in the actual relationship of the third auricular 
impulse (namely c’, ct and ¢* in cycles 3, 5 and’ 7 and c’ and d? in cycles 

1 This is perhaps an assumption which is not fully justified, but the question appears 
never to have been discussed, and it is essential to dxpw attention to the possibility. 
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8 and 9) to the respective periods RR. It is suggested that though 
the auricular impulse fails to yield a ventricular response in the 
3:1 cycles of 2:1, 3:1 periods, yet it affects, though possibly does not 
destroy, the rhythmical substance produced at this time in the ventricle. 
It must be remembered that such auricular impulses are almost but not 
quite effective. How such an influence may be exerted it is impossible 
at the present time to state, but that some such influence is possible is 
shown by the observation of Erlanger (who suggests a similar explana- 
tion), that in complete heart-block the auricular rate may affect the 
ventricular rate. This is an observation which has recently received 
confirmation at our hands on another and separate case of heart- 
block. 

The explanation, offered for the temporary and interpolated periods 
of heart-block, is insufficient to account for the lengthened periods 
of complete heart-block which occur in the table (for instance from 
obs, 20 to 38), and here an alteration in the length of the period R must 
be acknowledged. Such a lengthening is also consistent with the fact 
that this period of complete heart-block is preceded by a period of 2:1, 
3:1 rhythm, with the auricular rate at 65°2, in which a lengthening of 
the period R must also be assumed to account for the alternating ratio 
upon the hypothesis already suggested. 

The causation of the variation in the length of R is a problem of 
extreme difficulty and one which the facts here reported do not justify 
our discussing. We may briefly refer to the view suggested by 
Erlanger that a prolongation of R may be brought about by an 
increased auricular rate. He supposes that such increased rate fatigues 
the bundle. With such a view we cannot entirely concur, for as we have 
seen there is another and more simple’explanation for the production of 
complete heart-block with a relatively high auricular rate. Moreover 
an examination of the table demonstrates that complete heart-block may 
occur with the lowest and fastest rates; there is no fixed relationship 
between the appearance of complete heart-block and auricular rate, other 
than the appearance of short periods of it at high auricular rates, We 
are therefore disposed to the view that some additional and indetermi- 
nate factor is at work in influencing the length of the period R. It may 
be vagal inhibition; but at present the results of observations are either 
insufficient or too cunplex to permit of application, and a full discussion 
of the question may be more profitably postponed. 


z, 


3 
‘ | 
> | 
| | 
‘ 
é 
7 
i 
“ad 
> 
> 


HEART RHYTHM. 457 


SUMMARY. 


Some tracings from a case of heart-block are described which 
demonstrate simultaneous stimulus production in two centres. The 
ventricle responds, sometimes to the one, and sometimes to the other, 
and contractions arising from both sources are frequently intimately 
mixed, There is reason to believe that the sinus rhythm is uninfluenced 
by the ventricular; on the other hand the ventricular rhythm is always 
disturbed by the passage of an impulse from auricle to ventricle, and 
possibly also by certain of the impulses which fail actually to reach the 
ventricle. The passage of a 2:1 ratio into a 2:1, 3:1 ratio or into com- 
plete heart-block; the passage of a 2:1, 3:1 ratio into complete block 
or into 2:1 rhythm; and finally the passage of complete heart-block 
into the 2:1 ratio or into 2:1, 3:1 ratio is demonstrated. 

Explanations of the production of these charges are offered. 


ADDENDUM. 


The accompanying electrocardiogram was obtained with a strong 
galvanometer at a later date (Nov. 12, 1908). The figure shows } sec., 
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electrocardiogram and radial pulse. As short portions of curves, alone, 
have as yet been obtained, and as no simultaneous venous curves were 
taken, no attempt is made to analyse the curve published, after the 
manner of the venous curves figured in the above paper. Some venous 
curves were taken at the end of the day, and the electrocardiogram is 
consistent with them. The condition of the man has altered very 
considerably since the original venous curves were taken, and the 
publication of the electrocardiogram is merely intended to demonstrate 
the presence of heart-block, and the truth of the venous records. | 

It is with pleasure that I express my gratitude to Professor 
A. D. Waller, in whose laboratory the curve was taken, and to 
Mr Symes for the trouble he has taken in rendering me conversant 
with the management of the apparatus. 
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ON THE RATE OF DEVELOPMENT OF THE EXCITA- 
TORY PROCESS IN MUSCLE AND NERVE. By 


KEITH LUCAS, Fellow of Trinity Oollege, Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


I. Introduction . 
Ill. The relation between current-duration and liminal idineaivciomatth 
in the excitation of muscle 
IV. The influence of the concentration 66 the of 
current-duration to liminal current-strength . 472 
Neenet's thecey of ‘ana the siced for rapid con- 
centration of the ions concerned 474 . 
VI. The tension of ealinm in normal and artical circulating fue . 478 
I. Introduction. 


In a former paper! I published an investigation of the relation between 
the duration of an exciting current and its liminal intensity for the 
excitable substances of the amphibian neuro-muscular mechanism. For 
the excitable substance of the nerve-trunk and. for that of the myoneural 
junction I was able to carry on the investigation with currents of such 
duration that no further increase led to any further alteration of the 
liminal current-strength. But in the case of the excitable substance 
of the muscle itself the enquiry could not be completed. The apparatus 
which I had at my disposal did not yield currents of greater duration than 
0°02 sec., and, as I pointed out at the time, the liminal current-strength 
often undergoes a further decrease when the duration is increased beyond 
this value. This part of the curve calls for investigation. Since the 
former paper was published I have been enabled, through a grant assigned 
to me by the Government Grant Committee of the Royal Society, to 


1 Keith Lucas. This Journal, xxxvi, p. 113. 1907. 
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construct a pendulum which affords currents of any duration up to 0°12 
sec., and with this I have carried on the enquiry. 

The form of the relation between the duration and liminal intensity 
of an exciting current has acquired additional interest since Nernst’ 
showed that it may be predicted on the hypothesis that the threshold 
of excitation for any excitable tissue means the establishment within 
the tissue of a certain difference of concentration of ions. I hope to 
show that the results which I have obtained have a bearing _ this 
hypothesis, 


II. Method of exciting with currents of variable duration. 


The apparatus which I used for obtaining currents of any required 
duration is shown in Figs. 1 and 2. Fig. 1 is a front elevation, and 
Fig. 2 a side elevation. A heavy cast-iron base J carries a cast-iron 
bracket A, from which there projects a steel stud B. On this stud a 
short cast-iron pendulum C is mounted in ball-bearings, one of which is 
shown at D. The pendulum C carries a light arm £ half a metre in 
length. In use the pendulum is first brought into the position shown 
in Fig. 1, so that the arm Z rests upon the pawl F. When F is raised 
the pendulum swings round through about 340° in a counter-clockwise 
direction, and is prevented from swinging back again by the arm Z 
coming into engagement with the second paw! G. During its swing the 
arm / knocks open successively the contact-keys H and J. The key H 
is rigidly fixed to the cast-iron base of the instrument in such a position 
that it is struck open by # when the pendulum is exactly at the lowest 
point of its swing as shown in Fig. 2. The key J is carried on a divided 


circle M, which is free to move round on the stud B, unless clamped by — 


the clamp P, which is actuated by a milled head at K. By moving the 
divided circle one is able to adjust the angular distance separating H 
and J so that they may be struck at any required interval of time. The 
divisions of the circle are so arranged that when the zero of the scale is 
brought into line with the zero of the vernier NV, the keys H and J are 
struck open simultaneously. The method by which this adjustment is 
accurately made can be seen in Figs. 3 and 4, which are detailed 
drawings of one of the keys H or J. In these drawings it will be seen 
that the arm D (which is the part actually struck by the arm E of the 
swinging pendulum) is carried on a spindle C, whose bearings are in two 
brass pieces BB, screwed to the ebonite block A. D is maintained in 


1 Nernst. Arch. f. d. ges. Physiol. cxxit, p. 275. 1908. 
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good electric contact with B, and so with the binding screw H, by means 
of the helical spring G, which is secured both to D and to B. This 
spring serves also to keep a small platinum contact-piece, which is 
mounted on D, pressed hard against the platinum point Z. This 
platinum point is carried on the end of a bolt which runs right through 


‘Neh 
Fig. 1. Front elevation of the pendulum used for obtaining electric currents of any 
duration between 0°0001 sec. and 0°12 sec. For lettering see text. 
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the ebonite block A from E to F. When the instrument is to be 
adjusted, as described above, so that with the divided circle set at zero 
the contacts H and J may be opened simultaneously by the swinging 
pendulum, the bolt carrying the platinum point # is screwed in or out 
of the ebonite block, and so the arm D is moved backwards or forwards. 
When D has been brought to the required position the bolt is locked by 
means of the nuts which it carries. The spring J shown in Figs. 3 and 
4 carries a detent K, by which the arm D is prevented from returning 
into contact with Z when once it has been knocked away. 


F 


Fig. 3, Front elevation showing details of Fig. 4. Plan of contact key. 
contact-key used with the pendulum. 


AIL 


The electric connections of the keys H and J are such that H forms 
a short circuit to the exciting circuit, and consequently the current 
begins to flow when H is struck open. The key J is in the exciting 
circuit itself, so that the current ceases to flow when it is struck 
open. The duration of the current is therefore the time interval 
between the openingof HandJ. The details of the electric connections 
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may be seen from a former paper of mine’ in which a diagram is 
given, 

In all the experiments described in this paper the exciting current 
was led into the sartorius muscle by non-polarisable electrodes. The 
electrodes used were of the type of which I have described several 
modifications under the general name of “ fluid electrodes.” The cathode 
lay always within 3 mm. of the extreme pelvic end of the muscle, 
so that neither the nerve-trunks nor the myoneural junctions were 
excited. 

The routine of experiment on the relation of current-duration to 
liminal current-strength consisted in choosing arbitrarily a series of 
current-durations which were to be obtained by means of the pendulum 
described above, and then determining for each current-duration the 
smallest current-strength which would suffice for excitation. The con- 
traction of the muscle was taken as the index of excitation, and was 
observed either directly or by means of an optical lever. Where the 
latter method was adopted the arrangement of the apparatus used is 
described in the text. 


Ill. The relation between current-duration and liminal current- 
strength in the excitation of muscle. 


The first point which I observed was, that the curve relating the 


current-duration to the liminal current-strength presented two distinct 


types, which occurred apparently at random in different muscles. One 
type showed the liminal current-strength reaching a minimum value at 
a duration somewhere in the region of 0°05 sec. If the duration was 
further increased, even to the extent of holding the key down by hand 
for several seconds, no further fall in the liminal current-strength was 
observed. An example of this type is given in Exp. 1. Where the 
duration is recorded as “inf.” the key was held down for several seconds. 

In the other type of curve the liminal current-strength continued to 
fall throughout the range of durations obtainable with the pendulum, 
and fell still further for a longer duration obtained by holding the key 
down by hand. Exp, 2 is an example of this type. 

The difference between these two types can be seen in Fig. 5, in 
which the two curves are plotted on the same scale. 

What is the meaning of this difference? 


* Keith Lucas. This Journal, xxxv. p. 820, Fig. 5. 1907. In that figure K, may 


be taken to represent the key H, and K, the key J. 
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Exp. 1. Sartorius of frog. Fluid electrodes completely filled with Ringer's fluid. 
Duration of 
Inf. 364 
0-121 364 
0-080 364 
0-050 364 
0-082 368 
0-024 874 
0-0155 405 
0-0076 494 


Exr. 2. Sartorius of frog. Fluid electrodes completely filled with Ringer’s fluid. 


Duration of current ae 
Inf. 144 
0-121 165 
0-080 180 
0-050 202 
0-032 230 
0°0155 821 
600 
F 
EXP. 7. 
0-05 


Fig. 5. The two types of curve relating current-duration to liminal current-strength in 
the excitation of muscle. In the upper curve the liminal current-strength is constant 
over a considerable range of current-durations. In the lower curve the liminal current- 
strength is falling throughout with increase of the current-duration. Ordinates 
measure the liminal current-strength in microampéres, abscisse the current-duration 
in seconds. 


I suggested in the paper to which I have already referred that 
perhaps at these long durations two different sorts of muscle fibres 


might be excited, and that evidence might be obtained in support of 
Griitzner’s view that slow and quick fibres are contained in the one 
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muscle, It does seem possible at first sight that the two types of curve 
may correspond to the two sorts of fibres. If this were so we might 
reasonably expect to find that sometimes the two sorts of fibres would 
be excited successively in the same experiment, so that the two types of 
curve would cross one another with a sharp break, much as the curves 
for muscle and nerve may cross one another when one excites a sartorius 
in the region of the nerve entry. But as a fact I have never obtained 
reliable evidence of such a break, though I have experimented upon a 
large number of muscles. Of course this failure to observe a break does 
not disprove thé hypothesis that the two sorts of fibre are responsible 
for the two types of curve, but it does suggest that it may be wise to 
test certain other hypotheses in the hope that some positive evidence 
may be obtained for one of them. Accordingly I adopted such a course. 

One knows that a galvanic current of considerable duration may 
produce two different effects upon a muscle. It may cause a twitch 
which is conducted over the length of the muscle fibres, or it may cause 
a local contraction confined to the cathode. If one takes a number of 
sartorius muscles at random one finds that the weakest current which 
produces any visible effect will in some of them cause the cathodic 
shortening only, while in others it will cause the twitch. Therefore it 
appeared to me that possibly one type of relation between current- 
duration and current-strength might be obtained when the cathodic 


shortening was produced by the weakest current, the other when the 


=== 


Fig. 6. Two types of contraction obtained from sartorius muscles excited directly with a 
battery current only slightly greater than the minimal. A is the photographic record 
of the muscle’s contraction. The break in B measures the duration of the current. 
C is the time-signal, theinterruptions occurring at intervals of 0°14 sec. The duration 
of the exciting current is therefore approximately one second in each experiment. In 
the upper experiment there is only a persistent cathodic contraction, and no twitch. 
In the lower experiment there is only a twitch, and no persistent contraction. 
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twitch was produced. To test this hypothesis I experimented first upon 
such muscles as yielded a twitch with the liminal current. The muscle 
was set up in the usual fluid electrodes, and a photographic record was 
made of the contraction obtained with the weakest current which gave 
any visible effect. The current was passed through the muscle for about 
a second, so that it was possible to distinguish whether the contraction 
was persistent throughout the time of passage or was a twitch occurring 
at the make only. Samples of the photographic records are shown in 
Fig. 6, where A is the record of the contraction, the break in the line B 
marks the duration of the exciting current, and the time tracing is at C. 
In the upper record there is only a cathodic contraction persisting 
throughout the passage of the current, in the lower one there is only a 
twitch. - By means of observations made in this way muscles were 
chosen which gave only a twitch, and for these the relation between 
liminal current-strength and current-duration was determined. It soon 
became evident that from these muscles either type of relation might be 
obtained. For example, Exps. 3 and 4 were made in this st and 
Exp. 3 gives one type, while Exp. 4 gives the other. . 


Expr. 38. Sartorius of frog. 


— of current 
Inf. 169 
0-121 
0-080 200 
0-050 217 
0-082 269 


0-0155 364 


Exe. 4, Sartorius of frog. 


Inf. 218 
0-121 2138 
0-080 213 
0-050 215 
0-082 229 
0-0155 267 


This is- strong evidence against the hypothesis under consideration. 
However I thought it well to apply another test, namely to determine 
the form of the relation when only the occurrence of a conducted 
disturbance was taken as the index of excitation. For in this way 
confusion between the conducted disturbance and the local cathodic 
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contraction would be excluded effectually. The method used was to set 

- the muscle up in an apparatus which allowed of an excitation confined 
to the pelvic end of the muscle, while the movement of an optical lever 
lying on the tibial end was taken as the index of excitation. The 

g apparatus has been described and figured in a previous number of this 
Journal. By this method again I was able to find both types of curve, | 

as may be seen from Exps. 5 and 6. 


It is evident then that either type of relation may be obtained when 
one is considering only the conditions necessary for setting-up the 
conducted disturbance. The hypothesis that one type corresponds to 
setting up the local cathodic contraction, the other to setting up the 
twitch, must therefore be rejected. 

I thought then that perhaps the two types might not be due at all oe 
to the excitation of different things or to the setting up of different t 
processes of excitation, but might be merely modifications of the same j 
relation, brought about by some progressive change going on in the 
muscle fibres. While investigating the influence of the rate of current- 
variation on the efficiency of an exciting current I had observed, as is 
set down in a previous paper’, that the relation between the current- 
gradient and the liminal current-strength varies rapidly during the first 
hour or more after a tissue has been excised, but becomes more nearly 
steady after such a period has elapsed. So it seemed possible that the 


* Keith Lucas. This Journal, xxxvi. p. 267, Fig. 11. 1907. 
* Keith Lucas.. This Journal, xxxvi. p. 263. 1907. 


Exe. 5. Sartorius of frog. Conducted disturbance as index of excitation. . 
Duration of current Liminal current-strength 
(seconds) (microampéres ) 
Inf. 229 
0-121 229 
0-080 229 
0-050 267 
Exr. 6. Sartorius of frog, Conducted disturbance as index of excitation. 
: Duration of current Liminal 
(seconds) 
Inf, 892 
0-121 420 
0-080 436 
0-050 454 
0-082 480 
0°0155 562 
0-0076 790 
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curve relating the current-duration to the liminal current-strength 
might undergo a similar change, and that one or other of the two types 
of curve described in this paper might represent the steady state which 
the tissue ultimately reaches, If this were so, it should be possible in 
the first place to find intermediate stages marking the transition from 
one type of curve to the other, and these stages should change pro- 
gressively with the time elapsing after the excision of the muscle. To 
test this point I determined the curve relating current-duration to 
liminal current-strength on the same muscle at various times after 
excision, the conducted disturbance being as before taken as the index 
of excitation. I found that the curve did in fact change progressively 
from the one type to the other. In Exp. 7 this change can be seen, 
In the set of observations marked A, made at 20 mins. after excision the 
curve is clearly of the type in which the liminal current-strength is 
still falling at the longest current-duration used; whereas in B made 
at 3 hrs. 45 mins. after excision, the liminal current-strength has reached 
a minimum at 0121 sec., so that the curve is approaching the other 
type in which the liminal current-strength would reach a minimum 
somewhere in the neighbourhood of 0°05 sec. 


Exp. 7. Sartorius of frog. Conducted disturbance as index of excitation. 


Liminal current-strength (arbitrary units) 
Duration of current o 


(seconds) “A, at 20 mins. B, at 3 brs. 45 mins. 
Inf, 123 205 
0-121 143 205 
0-080 165 215 
0°050 195 235 
0-032 220 250 


But if these two changes, the change in the relation of current- 
gradient to liminal current-streugth and the change in the rélation of 
current-duration to liminal current-strength, are really expressions of 
the same progressive change going forward in the muscle, it should be 
possible to show that in the same muscle the two relations change 
together. And indeed this is found to be so. Experiments were carried 
out in which at various intervals after the muscles had been excised 
determinations were made of both the relations as nearly as possible 
simultaneously. The relation of current-duration to current-strength 
was determined with the pendulum described above, that of current- 
variation to current-strength by the method which I described in my 
paper dealing with the influence of current-variation on the efficiency 
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of an exciting current’. In every case it was found that at first the 
liminal current-strength was almost alike for all current-gradients tried, 
while at the longest current-durations available the liminal current- 
strength was still falling. Then as time passed the less steep current- 
gradients began to require an increased current-strength, and for the 
longer current-durations the liminal current-strength began to be con- 
stant. Finally the relation between current-gradient and current- 
strength assumed the typical form which I have described in my former 
paper’, showing a definite minimal current-gradient, and the liminal 
current-strength became constant for all durations exceeding 0°03 or 
005 sec. An example of these experiments is given in Exp. 8. For the 
sake of simplicity the liminal current-strengths for different current- 
gradients are giver as relative values only, the liminal current-strength 
for an instantaneous current-variation being taken as unity. 


Exr. 8. Sartorius of frog. Conducted disturbance as index of excitation. 
1. Determinations of the liminal current-strength for different current-gradients. 


Time in which the 
reaches its full value 
(seconds) A at 16 mins. B atl hr. 2 mins. C at 4 hrs. 30 mins. 
Instantaneous 1-00 1-00 1-00 
011 100 100 1-07 
0°31 1°00 1°29 1-69 
0°56 1-00 2°10 8°21 


2. Determinations of the liminal current-strength for different current-durations. 
Liminal current-strength (in arbitrary units) 


Duration of current 
(seconds) A at 14 wins. B at 1 hr. 20 mins. C at 4 hrs. 30 mins. 
Inf, 120 290 330 
0-121 160 290 830 
0-080 175 297 330 
0°050 200 805 330 
0-082 225 322 840 
0°0155 310 420 420 


In Fig. 7 are plotted the curves relating the liminal current-strength 
to the rate of current-variation at different times from this experiment, 
and in Fig. 8 the corresponding curves relating the liminal current- 
strength to the current-duration. The time scales in the two figures are 
alike, In Fig. 8 the duration “inf.” is plotted at 1 sec. It is evident from 
these figures that the two changes, the increasing steepness of the 


* Keith Lucas. This Journal, xxxvi. p. 255, Figs. 1 and 2. 1907. 
* Keith Lucas, This Journal, xxxvi. p. 259, Fig. 6, 1907. 
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AT 4 HRS.30 MIN. 


AT 1HR. 20 MIN. - 


15 MIN. 


Fig. 7. Three curves showing how the relation of current-gradient to liminal current- 
strength changes progressively after excision of the muscle. Ordinates measure the 
current-strength required to excite, that required with an instantaneous increase of 
current being taken as unity. Abscisse measure the time taken by the current to 
reach its full value with a linear increase (seconds). 


Cc 
AT 4 HRS. 30 MIN. 
B AT 1HR. 20MIN. 


A 
AT MIN. INF 


0-5 sec 
j 


Fig. 8. Three curves showing how the relation of current-duration to liminal current- 
strength changes progressively after excision of the muscle. The three curves 4, B, C 
are from observations made at the same times after excision as the curves A, B, C of 
Fig. 7. Ordinates measure liminal current-strength in arbitrary units. Absciss» 
measure current-duration, the scale of time being the same as that of Fig. 7. 
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minimal current-gradient, and the increasing range of current-durations 
over which the liminal current-strength is constant, are progressing 
together. And one is led to suppose that there may be going forward in 
the muscle some single underlying change whose effect is expressed in 
these two different ways. 


IV. The influence of the concentration of calcium on the relation 
of current-duration to liminal current-strength. 


The first clue which directs us towards the identification of this 
underlying change is to be found in the time-relations of the alteration 
which an excised tissue undergoes. As I have already observed’, the 
change in the relation of current-gradient to liminal current-strength is 
rapid at short times after excision, and becomes slower or even stops 
with further lapse of time. This indicates that we have to deal not 
with the ultimate breakdown of the muscle due to its severance from 
the central nervous system or from the blood-supply, but rather with its 
coming. into equilibrium with some new condition, to which it is 
suddenly subjected. And one is led to suspect that the change may be 
due to some abnormal constituent of the Ringer's fluid in which the 
tissue is placed. But the key to the problem was furnished by some 
experiments made in this laboratory by Mr G. R. Mines. These 
experiments formed part of an investigation which is published in the 
present number of this Journal. 

Mr Mines has kindly allowed me to make use of one of his 
experiments for the purpose of this paper. The experiment (Exp. 9) 
shows that the curve relating current-duration to liminal current- 
strength changes from one to the other of the two types described in the 


Exp. 9. (By G. R. Mines.) 


Liminal current-strength 
B at 3 brs. in at4 
Nal 06%, CaCl, 0°1 %/, in 
21 8 
12 
21 14 
16 
21 17 
24 20 
29 26 
40 


a} 


Duration of current A at 1 br. 50 mins. 
(seconds) in NaCl 0°71), 
Inf. 11°5 
0-121 14 
0-092 17 
0-069 18 
0-050 20 
0-082 22 
q 0°0155 30 
0°0076 45 
4 Keith Lucas. This Journal, xxxvi. p. 263. 1907. 
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beginning of this paper according as the muscle is allowed to remain in 
an isotonic solution of pure sodium chloride or in a similar solution 
containing also calcium chloride. The type of curve in which the liminal 
current-strength is constant over a large range of current-duration is 
found only when calcium is present. It is shown in this experiment 
under column B, 

This experiment at once suggests that the change under con- 
sideration asserts itself only in a muscle which is bathed by a solution 
in which the concentration of calcium is moderately high. If this 
inference is correct we shall expect to find that an excised muscle 
placed in an isotonic solution of sodium chloride free from calcium 
will not show that progressive change in the relation of current-gradient 
to liminal current-strength which we have observed in muscles placed 
in Ringer’s fluid; wheredés the change will begin when a suitable 


percentage of calcium chloride is added to the sodium chloride. This 


expectation is verified in actual experiment, as is shown below. Exp. 10 
shows that in a muscle kept in 0°7*/, sodium chloride the relation 
between current-gradient and liminal current-strength remains nearly 
constant over four hours and a half. 


Expr. 10. Sartorius of frog in 0-7 °/, caleium chloride. 


“A at } hour B at 1} hours C at 4} hours * 
Instantaneous 1-00 100 100 
0°10 sec. 10 1-00 1-00 
0-27 1-02 1-00 1°05 
0°50 1-06 1-04 1°10 
0°97 110 110 1°15 


At 4 hrs. 50 mins, the fluid bathing this muscle was changed to 0°65 °/, 
sodium chloride and 0'05°/, calcium chloride. The relation between 
current-gradient and liminal current-strength soon began to alter, arid 
thirty minutes after the exchange had been made the following 
observations were recorded. 


Exp. 10 (continued). Muscle in 0-66 °/, sodium chloride and 0-05%/, ealeium chloride. 


Time in which gradient, that 
its fall value Putte 
Instantaneous 1-00 
0°10 sec. 1°02 
0°27 1:07 
0°50 1/27 
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Other experiments made in this way yielded similar results. The 
current-gradient required for excitation never become considerably 
steeper as long as the muscle remained in pure sodium chloride solution, 
and there was always a more rapid alteration beginning soon after the 
calcium had been added. : | 


V. Nernst’s theory of electric excitation and the need for a rapid. 
- concentration of the tons concerned. 


Up to this point it has been shown that an excised muscle placed 
in Ringer’s fluid undergoes, owing to the high concentration of the 
calcium dissolved in that- fluid, a progressive change which expresses 
itself in two recognisable ways. The relation between current-duration 
and liminal current-strength changes so that ultimately for all durations 
greater than about 0-05 sec. the liminal current-strength is alike. The 
relation between current-gradient and liminal current-strength changes 
so that the more slowly increasing currents become less and less effective 
as stimuli, and ultimately a condition is reached in which no current- 
gradient of less than a certain steepness will excite at all. 

Now it is well known that Nernst’ has put forward the view 
that excitation means the establishment across a semipermeable 
membrane contained within the excitable tissue of a certain difference 
of concentration of ions. And from this supposition he calculates that 
the relation between the liminal strength of an exciting current and 
its duration should be such that the equation 

| it = constant 
would hold, where ¢ is the liminal current-strength and ¢ is the duration 
of the current. At first sight the observations contained in this paper 
seem to be incompatible with this view. For we have seen that the 
relation between liminal current-strength and current-duration is a 
variable one, and that under certain conditions it becomes such that 
over a large range of values of ¢ the value of ¢ remains constant. And 
if ¢ is constant while ¢ varies it is obvious that the product of i and /t 
cannot be constant. Consider, for example, the only experiment dealing 
with the muscle substance in the sartorius of the frog which I published 
in @ previous paper on the excitable substances of amphibian muscle’. 


In this experiment the values of ¢4/t (last column) are fairly constant’ 


within the range of current-durations t = 000087 sec. to t = 0°01 sec. 


1 Nernst. Loc. cit, 
* Keith Lucas. This Journal, xxxvi. p. 136, Exp. 16, and Fig. 16, p. 129. 1907. 
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Exp, 16. Sartorius of frog. Cathode on pelvic end. Temperature 11-0° C. 


Duration of Liminal 

current (f) current-strength (/) inft 
0-024 sec. 0-18 279 
0021 0°18 261 
0-017 0-18 234 
0-014 0-18 212 
0-010 00 200 
0-v070 0-28 193 
0-0052 0-26 187 
00035 0°81 184 
0°0017 0°44 181 
000087 0°66 195 


(below the line); but at greater durations the values of ¢ are at a 
constant minimum (i = 0°18) and accordingly the values of +4/¢ increase 
with increase of t. But Nernst’ has expressly called attention 
to the fact that his formula applies only within certain limits of ¢ If 
the duration of the current exceeds these limits the problem is com- 
plicated by certain factors which tend to make the values of «4 greater 
than the formula would predict. It is not necessary that we should 
enter in detail into the suggestions which he makes as to the causes of 
this disturbance ; for the present purpose it is sufficient to remark that 
the fundamental supposition which they involve is that it is necessary, 
if excitation is to occur, that the concentration of ions should be 
completed within a certain time after the exciting current has begun to 
flow. Into the experimental investigation of the conditions which 
determine this necessity he does not enter, being content to show that 
within the limits of ¢ in which this disturbance is negligible his formula 
does give good results. 

The question then arises whether the varying relation between 
current-duration and liminal current-strength which we have observed 
can be brought into line with Nernst’s hypothesis by the aid of this 
additional time factor. The experiments described in this paper have 
established a strong probability that the conditions whose change brings 
about these variations are identical with those which cause the relation 
between current-gradient and current-strength to vary; so that the 
supposition of the necessity for a more or less rapid concentration of ions 
can be considered to afford an adequate explanation only if it accounts 
satisfactorily for both variations. 


1 Nernst. Loc, cit. p. 279 et seq. 
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We know that with increasing time after the excised tissue has been 
placed in a calcium-containing fluid the progressive change in the 
relation of current-strength to current-duration is such that the duration 
at which the current-strength reaches an absolute minimum becomes 
shorter and shorter. In Fig. 8, for example, we see that at 15 mins. 
after excision the current-strength has not reached a minimum until the 
duration is of the order of 0°5 sec. At 1 hr. 20 mins. the minimum is 
already reached at 0°121 sec. At 4 hrs, 30 mins, it is reached at 0°05 sec. 
Now if with increase of the time during which the tissue had remained 
in the Ringer’s fluid the maximum time within which the concentration 
of ions must be completed were to become smaller and smaller, just 
such an effect as this might be produced. For the meaning of the 
curve relating current-duration to current-strength is, of course, in 
general terms, no more than this; that a weak current concentrates ions 
more slowly than a strong one, so that if the time available for producing 
the concentration is increased by an increase of the current-duration, 
then a weaker current will suffice to produce the requisite concentration. 
But if an absolute limit is set by some condition existent in the tissue 
to the time within which the concentration must be effected, then the 
current cannot be weakened any further when its duration is increased 
beyond that limit, for a weaker current would fail to produce the 
concentration within the requisite time limit. In Fig, 8 for example we 
might suppose that ia curve B the tissue prescribes that the concentration 
shall be complete in 0°121 sec. if it 1s to be effective, and consequently 
the current-strength cannot be decreased below 290 (the value which 
just completes the requisite concentration in that time), even though 
the current-duration may be increased to 1 second or more. Similarly 
in curve A the tissue demands a complete concentration within 0°5 sec., 
and in curve C within 0°05 sec. It is simple then to see how the curve 
relating current-duration to current-strength may be influenced by a 
longer or shorter time-limit within which the ions must be concentrated 
in order to produce excitation. And it should be remarked that on this 
view of the meaning of the current-strength and current-duration curve 
the duration at which the current-strength has just fallen to a minimum 
is equal to the time within which the concentration of ions is just com- 
pleted when being brought about as slowly as possible’. 

Is it possible to apply a similar explanation to the progressive changes 
which we have observed in the relation of current-gradient to liminal 


Of. Keith Lucas. This Journal, xxxvi. p, 273. 1907. 
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current-strength ? In a previous paper’ I drew attention to the fact 
that the inability of any but steep current-gradients to produce excita- 
tion affords a distinction between the conditions necessary for producing 
excitation and those necessary for producing a simple concentration of 
ions. And that distinction holds of course, provided that the concentra- 
tion need only be of a certain amount, regardless whether it is produced 
quickly or slowly. But if there is the additional requirement that the 
concentration shall be brought about within a certain definite time-limit, 
then a current increasing from zero directly as the time will have to in- 
crease with a certain miminum steepness if it is to produce the requisite 
effect. And the shorter the time within which the concentration has to 
be effected, the more steep will be the minimum gradient. On looking 
at Fig. 7 one sees that at 15 mins. after the tissue has been placed in 
Ringer’s fluid a current increasing directly as the time from zero to the 
value 1 will be effective if it increases to 1 even in so long a time as 
0°56 sec. ; at 1 hr. 20 mins, it must reach the value 1 in 0°12 sec. if it is 
to be effective, and at 4 hrs, 30 mins. it must reach the same value in 
about 0°05 sec. The progressive change in this relation too is therefore 
explicable on the supposition that the tissue is changing in‘such a way 
that it is necessary that the ions ‘concerned in excitation shall be con- 
centrated within a time which is becoming progressively shorter. 

It is obvious that this can claim to be no more than a preliminary 
reconnaissance of the time factor in electric excitation. It is a far step 
from this to a complete quantitative account of the way in which the 
two relations experimented upon in this paper are disturbed by the 
necessity for bringing about the excitatory process within a limited time. 
But we do begin to get some insight into the conditions by which this 
factor is influenced. It is clear enough that the hypothesis of Nernst 
is, as he himself states, far from being complete. The concentration 
of ions has probably not only to reach a certain magnitude, but it has to 
reach that magnitude within a certain time. And, as the present experi- 
ments show, the time within which the concentration must be completed 
varies under varying conditions in one and the same tissue. Still the hy- 
pothesis does appear to be of heuristic value to say the least. Hoorweg? 
has recently attacked it on the ground that the constancy of 7,/t is found 
only over a small range of values of ¢t But it seems to me that there 
is still work to be done rather in attempting to gain more precise 

knowledge of such disturbing factors as may perhaps account for the 
1 Loc. cit. p. 272. 
* Hoorweg. Arch. f. d. ges. Physiol. oxxtv. p. 511. 1908. 
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divergence. We are hardly at the threshold of enquiry into the need 
for a rapid completion of the effect which the exciting current brings 
about. We do not know for example whether rapidity is a necessary 
condition for the mere production of the immediate local change which 
the current works, or whether it may not be perhaps essential only to 
the production by such a local effect of the propagated disturbance. 


VI. The tension of calciwm in normal and artificial circulating 
fluids. 

We may now return to the fact observed in the experiments already 
described, that the changes which excised muscles undergo when placed 
in Ringer's fluid are largely at any rate due to the calcium in that fluid. 
The point to be noted is that the muscle placed in Ringer's fluid is 
coming into equilibrium with an abnormally high tension of calcium. 
The fact is of interest from two points of view, as throwing some light 
on the effective tension of calcium in lymph, and as proving the experi- 
ments made in Ringer’s fluid to be in a considerable degree abnormal 
and artificial. 

About the concentration of calcium in frog’s blood or lymph we have 
apparently very little information. In fact I have been unable to find 
any record of an actual determination. For mammalian serum one finds 
figures given such as 00155 °/, CaO in the serum of man, and 0°0126 °/, 
CaO in the serum of the ox. The only value which I find for a cold- 
blooded animal is 00131 grms, CaO in 100 c.c. of plasma of the Slider 
Terrapin’. Taking the last figure as representing most nearly the 
probable percentage in frog’s blood, we might suppose that a “ Ringer's 
fluid” for use with the tissues of the frog ought to contain about 0013 °/, 
CaO, or 0°026 */, CaCl,. And this is about the percentage commonly in 
use*, The fluid which I have always used in my own experiments con- 
tains slightly less than this, namely 0°024°/,. Yet as I have shown 
this percentage is abnormally high for the tissues of the frog. Either 
then the blood of the frog is considerably less rich in calcium than is the 
blood of other animals, or else the calcium in blood affords a lower 
tension than an equal concentration of the free calcium chloride of 
Ringer’s fluid. If the latter view is the correct one, then it is not 
unlikely that the calcium is held in loose combination by the proteins of 


1 Green. Amer. Journ. Physiol. u. p. 100. 1898. 


* Cf. Howell. Ibid, m. p, 53, 1898, where 0-026 °/ CaCl, is spoken of as imitating 
most closely the composition of the blood. : 
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the blood, so that its effective tension is considerably lower than the 
chemical analysis of blood ash would lead one to suppose. This 
possibility must be borne in mind in any attempt to compound a 
“ physiological” saline solution. It suggests that the percentage of each 
salt may have to be determined not by the ashing and chemical analysis 
of blood, but by physiological experiment on the change of equilibrium 
which a tissue undergoes when removed from its normal conditions of 
circulation to solutions containing the required salts in various concen- 

trations. 

How far does this abnormally high tension of calcium invalidate 
experiments made in Ringer’s fluid? Certainly the absolute values 
found for such properties as the minimal current-gradient, or the 
current-duration below which the liminal current-strength begins to 
increase, do not represent the condition of the muscle or nerve during 
life. But the determinations which I have made of such values have 
been in the main of relative importance only. And since all the 
experiments have been made in Ringer’s fluid of constant composition 
the relative figures retain their validity. For example, the conclusion 
reached in a former paper that the minimal current-gradient is slightly 
steeper for the nerve of the frog than for the nerve of the toad, and 
very much less steep for the muscle of the toad, need not lose its force. 
And the same may be said of the conclusion that in the neuromuscular 
mechanism of the frog or toad the excitatory process must be carried 
through most rapidly in the excitable substance 8, less rapidly in the 
nerve trunk, and less rapidly still in the muscle substance. It will 
however be of considerable interest if these experiments can be repeated 
on tissues whose equilibrium with the _— salts of blood really 
represents that of normal life. 


VII. Summary. 


Experiments made on amphibian skeletal muscle at various times 
after excision show that the curve relating the duration of an exciting 
current to its liminal strength is not of constant form, but undergoes a 
progressivechange. This change is found to proceed parallel with a change 
in the curve relating current-gradient to liminal current-strength. The 
time relations of the change are such as to indicate that the excised 
tissue is coming into equilibrium with some new condition to which it 
is subjected after excision. 

It is found that the important factor i in determining these changes 
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is a high concentration of calcium in the fluid by which an excised 
tissue is bathed. 

It is well known that Nernst has used in support of his hypothesis, 
that excitation results in an excitable tissue when a definite difference 
of concentration of ions is established, the fact that the relation between 
current-duration and liminal current-strength is such that the product of 
current-strength by the root of current-duration is constant. Nernst 
has: pointed out that this formula holds for any given excitable tissue 
only within certain limits of current-duration. If the duration exceeds 
these limits the strength of current calculated from the formula fails to 
excite. He explains this divergence on the supposition that in any 
tissue the concentration of ions must be brought about within a certain 
limited time if excitation is to occur. The fact shown in this paper, 
that in a given tissue the form of the relation between current-duration 


and current-strength is greatly changed by alteration of the inorganic | 


salts by which the tissue is bathed, might at first sight appear to detract 
from the value of that relation as a support for Nernst’s hypothesis. 
But it is shown that these changes, as well as those observed in the 
relation of current-gradient to current-strength, find a satisfactory 
explanation in harmony with Nernst’s hypothesis if we suppose that in 
a given tissue the rate of concentration of ions necessary for excitation 
varies with the nature of the inorganic salts by which the tissue is 
bathed. In particular an increase in the concentration of calcium 
would appear to necessitate a more rapid concentration of the ions 
concerned in excitation. 

The Ringer's fluid used throughout my experiments contains slightly 
less calcium than the percentage found in chemical analyses hitherto 
made on the blood of various animals; yet the excised tissues when 
placed in it are found to be coming into equilibrium with a tension 
of calcium which is considerably above the normal. It appears possible 
therefore that the calcium of the normal blood or lymph may be so held 
in combination that its tension is considerably lower than that of an 
equal percentage as present in Ringer’s fluid. 


The expenses of this research were defrayed in assigned 
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THE SENSIBILITY OF THE STOMACH AND INTES- 
TINES IN MAN. By ARTHUR F. HERTZ, M.A, M_D., 
M.R.C.P.; F. COOK, anp E. G. SCHLESINGER. 


(From the Physiological Department of Guy's Hospital.) 


THE experiences of every-day life have led to the belief that the stomach, 
though not endowed with the sensation of touch, can yet be the seat of 
painful and thermal sensations. An ill-defined feeling of cold or heat in 
the epigastric region is experienced after swallowing very cold or very 
hot food or drink, and a burning sensation can often be recognised in 
the epigastrium after drinking strong alcoholic fluids, such as liqueurs, 
Pain can be felt in the same neighbourhood under numerous pathological 
conditions. Normally, however, the swallowing of food at about the 
body temperature produces no sensation after the pharynx has been 


In the last few years the observations made by Lennander and other 
surgeons during abdominal operations performed under local anzsthesia 
have thrown doubt upon these widely spread beliefs. Quite recently, 
however, their methods have been the subject of adverse criticism, so 
that the whole subject remains in an unsettled condition. We have 
therefore attempted to obtain more definite information as to the sensi- 
bility of the stomach and intestines in normal individuals. 

We are indebted to Mr A. Neville Cox and Mr G. H. Marshall for 
their kind help in some of the experiments. 


I, Tovcu, HEAT AND COLD. 


A number of observations have already been made on the subject of 
temperature sensation in the stomach and intestines, but the results 
obtained are contradictory. In 1889 Quincke’ passed cold and hot water 
into the stomach of a boy through a gastric fistula. With cold water he 
had a local feeling of cold accompanied by shivering, and warm water 


1 H. Quincke. Wien, klin. Woch. 923. 1906. 
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produced a vague uncomfortable sensation. In 1905 Head’ published 
his important article on “The Afferent Nervous System from a New 
Aspect,” in which were described investigations carried out by him in 
conjunction with Rivers and Sherren. Investigations were made on 
intelligent patients, who were not cachectic and on whom colotomy had 
been performed. It was found that “water at 40° C. and at 20° C., 
which seemed warm and cold respectively to the skin of the abdomen, 
were entirely unappreciated when applied within the walls of the gut. 
But ice water was at once called ‘cold,’ water at 50° was said to be 
uncomfortable, and two patients of unusual intelligence spoke of this 
stimulus as ‘hot.’ This sensation of heat or cold was never localised 
in the abdominal cavity. If the patient was asked to indicate the 
position of the stimulus, he either placed his hand over the region of 
the navel or pointed into the air.” The tube was always passed through 
a ring of mucous membrane into the lower portion of the colon, which 
formed practically an isolated loop of gut. Head concluded that the 
viscera are endowed with “ protopathic” sensibility only. 

Neumann? in 1905 found that patients immediately felt a sensation 
of hot and cold when hot and cold water were respectively poured 
through a double tube into the stomach. After a short time the 
sensation produced by water at 25° C. disappeared, after which 
water at 10° C. no longer produced any sensation at all Neumann 
states moreover that in hysteria there is sometimes anwsthesia to 
temperature, and at other times cold is felt as hot or burning, and 
water at 25° C. is felt as very cold. J. Ch. Roux® found by intro- 
ducing water into the stomach by means of a tube that hot and 
cold were felt, and that a difference of temperature of a few degrees 
between hot fluids introduced successively could often be recognised. 
On one occasion only did he find that a patient had no sensation 
of temperature in his stomach, but he’ could offer no explanation 
for this exception. On the other hand L. R. Miiller‘ found that no 
patients experienced any sensation of cold when the stomach was washed 
out with iced water, But on touching the rectal mucous membrane 
with a hot glass rod during an examination with a rectoscope he found 
that the patient experienced a sensation of discomfort and warmth, 


? H. Head, W. H. Rivers, J.Sherren. Brain, xxvm. 99. 1905. 
A. Neumann. Wien. klin. Woch. xrx. 928. 1906. 
_ § “Maladies du Tube Digestif,” edited by Debove, Achard and Castaigne. 
my aigne. 1. 875, 
*L. Miller. Mitteil. aus den Grenzgeb. d. Med. Chir. 600. 1908. 
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localised near the symphysis pubis. He also states that cold can some- 
times be felt by the rectum. 

Our results in the case of the stomach are in opposition to those of 
Quinecke, Neumann and Roux, and agree with those of Miiller, so 
far as the latter go. We found that, on introducing ice-cold water or 
hot water at any temperature between 40° and 50° C. into a normal 
stomach, no sensation of any sort was produced. We have little doubt 
that Roux’s results were due to his having employed an ordinary 
stomach tube. When hot or cold water is passed through such a tube, 
its outer surface rapidly becomes hot or cold, so that the thermal: 
stimulus can act upon the @sophagus. We have used a double tube, 
an india-rubber tube of 5 mms, diameter being introduced into an 
ordinary stomach tube. With this arrangement three or four ounces of 
water can be passed down the inner tube before the outer surface of 
the stomach tube becomes definitely hot or cold. Accordingly we have 
found, after passing the double tube into the stomach, that no sensation 
of heat is produced until between three and five ounces of hot water 
have been passed down, an ill-defined sensation of heat being then 
experienced in the epigastrium, which is no doubt due to conduction of 
the heat to the esophageal wall. As much as half a pint of ice-cold 
water can, however, be introduced without the sensation of cold being 
felt. In neither case is any other sensation experienced, the individual: 
being completely unaware that anything is passing into his stomach. 

These observations made it probable that the sensation felt when hot 
and cold fluids are swallowed is produced in the esophagus. This was 
proved to be the case by introducing the tube a distance less than 40 
centimetres from the teeth, so that its end was in the wsophagus, a’ 
short distance above the cardiac orifice of the stomach. On now pouring: 
down water at 0° and at 40° or 50° a sensation respectively of cold and 
hot was instantaneously produced, its character and indefinite localisation 
deep in the epigastrium, being exactly the same as when the fluid is 
. swallowed in the ordinary way. On now pushing the tube into the 
4 stomach and pouring hot and cold fluid down, no sensation was produced. 
RY We have repeated the experiment in four individuals in a still more’ 
i * conclusive manner. Hot and cold water were poured into the stomach ; 


no sensation was experienced. On now pulling the tube up so that its 
lower end did not quite reach the cardia the i ae sensation was: 
instantaneously experienced. 

Some observations made ona young woman:-who had had a 
gastrotomy performed for a fibrous stricture of the csophagus, which 
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followed the swallowing of strong hydrochloric acid, and on a man who 
had undergone the same operation for epithelioma of the oesophagus, 
confirmed our belief that the gastric mucous membrane is completely 
insensitive to thermal stimuli. Hot and ice-cold fluids were poured 
through a catheter which was passed through the gastrotomy tube, this 
double-walled channel being used so as to prevent the skin surrounding 
the opening from being warmed or cooled. It was found that no sensa- 
tion of temperature or of any other description was experienced. 

On paying accurate attention to the sensation produced after drinking 
a mouthful of very hot or cold fluid, it was now recognised that the 
sensation in the epigastrium began about three seconds after the 
swallowing act, and lasted for about three seconds, On simultaneously 
listening to the epigastrium it was found that the second deglutition 
sound, which begins immediately after the last trace of food has entered 
the stomach', began immediately after the sensation disappeared. 
Hence the period during which the sensation is felt must be that in 
which the fluid is collected in the lower end of the csophagus 
and is slowly passing into the stomach. The observations, described 
in our paper published in the Guy’s Hospital Reports for 1907, on 
the process of swallowing, combined with these experiments on tem- 
perature sensation, show that the feeling of heat and cold, experienced 
when hot and cold fluids are drunk, and until now almost universally 
ascribed to the stomach, really originates in the lower end of the 
cesophagus, and corresponds in duration with the period in which the 
fluid is passing through the cardiac orifice into the stomach. 

James Mackenzie ascribes the sensation of heat and cold in the 
epigastrium after drinking hot and cold fluids to reflex vascular changes 


in the skin of the area, and he believes that the skin is actually the 


seat of the sensation. We have disproved this theory by placing ice 
over the skin of the epigastrium so that a maximal sensation of cold 
was produced; ice-cold water was then poured into the csophagus 
through a tube, and immediately a sensation of cold was felt in a 
situation deeper than that simultaneously present as a result of the 
contact of the ice with the skin. On another occasion the skin of the 
epigastrium was warmed by a flask containing water at 48° C. and 


water at the same temperature was poured through a tube into the — 


lower end of the esophagus. A sensation of heat deeper than that of 
the skin was produced. Suggestion was excluded by blind-folding the 
individual and pouring hot and then cold water down without saying 

* Vide our observations on this subject in the Guy’s Hospital Reports, ux1, 401. 1907, 
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which was to be done first; the temperature was in both cases im- 
mediately recognized. 

~~ (Our observations on the sensibility of the colon to temperature 
are not in complete agreement with those of Head and Miiller. 
By introducing hot or cold water through a double tube into the 
colon we found that the mucous membrane of the large intestine is as 
insensitive to temperature as that of the stomach. A double tube is 
required, as otherwise heat or cold is felt in the anal canal, and it is then 
difficult to be sure whether the sensation is present elsewhere as well. 
We have used for the purpose an ordinary rectal tube, through which 
has been passed a small india-rubber tube just large enough to fit 
tightly to the round opening at the end of the tube. We obtained the 
same result in a patient, on whom a colotomy had been performed for a 
growth of the rectum, by introducing hot and cold fluids through a tube 
directly into the colon. The exposed mucous membrane was moreover 
completely insensitive to hot and cold, as well as to touch. 


Il. Errecr OF HYDROCHLORIC ACID. 


The few observations which have been published on the sensibility 
of the gastric mucous membrane to hydrochloric acid are so contradictory 
that no reliable conclusions can be drawn from them. 

Talma’ in 1884 found that normal individuals experienced no pain 
when dilute hydrochloric acid was poured through a tube into the 
stomach, but that pain was felt in cases of nervous dyspepsia. In 1892 
Léwenthal? poured 250 c.c. of hydrochloric acid of various concentra- 
tions at the body temperature through a tube into the stomach, in which 
it was left for one minute. In four normal individuals no sensation was 
produced by a 0°3 per cent. solution; in three of the four a warm sensation 
was felt with a 0°4 per cent. solution, and in the only individual on whom 
he tried a 0°5 per cent. and a 0°6 per cent. solution a feeling of warmth 
was also produced, In two cases of “atonic stomach” and in one of 
dilatation warmth was felt, but no sensation was produced in cases of 
gastritis and ulcer. In no case was the sensation painful. Bénniger® 
in 1908 found, however, that although 100 c.c. of a decinormal solution 
of hydrochloric acid produced no sensation in the normal stomach after 
washing out with 100 c.c. of water, a violent pain, which could be tem- 


18. Talma. Zeits. f. klin. Med. vu. 407. 1884. 
*M.Léwenthal. Berl. klin. Woch. xxrx. 1188. 1892. 
* M. Binniger. Berl. klin. Woch. xiv. 896. 1908. 
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porarily relieved by milk, was always produced in cases of gastric ulcer. 
Heineke and van Selms' made no observations with hydrochloric acid 
in normal individuals, but they found that in two patients with gastric 
ulcer and in two suffering from symptoms suggestive of the same disease 
a sensation of pain was produced on introducing hydrochloric acid, 
varying in strength from 0°1 to 0°4 per cent., through a tube into the 
stomach. 

Our own observations show that 0°4 and 0°5 per cent. hydrochlorie 
acid, introduced into the empty stomach of normal individuals through 
a tube, produces no sensation of any kind. If the tube does not reach 
as far as the cardiac orifice, so that the acid enters the lower end of 
the cesophagus, no more sensation is produced, unless the fluid is cold, in 
which case the ordinary esophageal sensation of cold is produced. The 
introduction of 0°5 per cent. hydrochloric acid through a gastrotomy 
wound into the stomach of a patient with cesophageal stenosis also 
produced no sensation, 

It is thus clear that the pain in cases of hyperchlorhydria cannot 
be due, as has generally been believed; to the excess of hydrochloric acid 
alone, as it is doubtful whether as much as 0°5 per cent. free hydro- 
chloric acid is ever present in the stomach. Some other factor, such as 
an abnormal hyperwsthesia to acid, must also be present, and we hope 
to be able to give more definite evidence on this subject at a subsequent 


date. We are also investigating the effect produced by dilute hydro- — 


chloric acid in cases of gastric ulcer. If the observations of Bonniger 
are confirmed, a very valuable help to diagnosis will be obtained. The 
' fact that the healthy skin is insensitive to 0°5 per cent. hydrochloric 
acid, whereas a raw surface is acutely sensitive to it, would lead one to 
expect that Bénniger’s conclusions are correct. 
The sensation of heart-burn or pyrosis has often been ascribed to the 
regurgitation of hydrochloric acid into the eophagus. Our observa- 
etseep however, negative this theory. 


Ill. EFrect OF ALCOHOL AND CARMINATIVES. 


Heineke and van Selms? made some observations on the sensation 
produced in the throat, esophagus and stomach by Carmelite water 
(a liqueur), oil of peppermint and oil of cloves. - The fluid was 
introduced into the stomach by a tube in the case of fifteen patients 


? D. Heineke and M. van Selms. Arch. des Mal. de U Appar. dig. 1. 467. 1908. 
Loe. cit. 
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suffering from gastric disorders, but it was drunk in the ordinary way 
by the sixteen normal subjects who were examined. The observations 
on the latter are therefore of little value, as our experiments have shown 
that it is impossible for an individual to distinguish between a sensation 
produced in the lower end of the cesophagus and in the stomach. 
Moreover only a single experiment was performed on each of the normal 
individuals. Of the fifteen who drank Carmelite water, twelve experi- 
enced a sensation of warmth or burning which they referred to the 
stomach ; two of the others only felt a burning in the throat and one in the 
throat and wsophagus. It is not stated, however, whether in the three 
exceptional cases the liqueur was drunk after meals or on an empty 
stomach. The only individual who drank peppermint water had a 
feeling of warmth in the stomach. 

In the case of the patients a burning sensation was experienced by 
all except two, whether Carmelite water, or 0°3 to 0°8 per cent. oil of 
peppermint or cloves was drunk. One exception was a man of fifty- 
two, who had epigastric pain, hematemesis and melena; possibly he 
had a duodenal ulcer, and not a gastric ulcer. The other exception was 
a dyspeptic girl, who experienced no sensation when given 0°8 per cent. oil 
of peppermint or cloves or diluted Carmelite water ; undiluted Carmelite 
water, however, produced a sensation of beat. Four out of the eleven 
patients whose symptoms suggested the possibility of a gastric ulcer had 
a sensation of pain as well as of heat; this was not the case in any of 
the four patients who were obviously merely dyspeptic. In a good many 
instances it was found that the situation of the sensation moved with 
changes in posture. Unfortunately no diagnoses are given in the 
original paper, those referred to here being only what are suggested 
by the very imperfect clinical data given. 

Our experiments have been done principally with créme de menthe, 
and in order to separate the effects of the peppermint from those of the 
alcohol we have also used peppermint water and a solution containing 
48 per cent. alcohol with 28 per cent, cane-sugar, these amounts being 
the same as those present in the liqueur. Créme de menthe, introduced 
by a tube into the stomach, occasionally produces an immediate sensation 
of warmth, but more frequently this only develops in the course of a 
minute or two. A similar result was obtained with the alcoholic solution, 
but not with the peppermint water, so that it seems very probable that 
it is the alcohol, and not the peppermint, which produces the sensation 
after the liqueur is introduced into the stomach. Créme de menthe also 
produces an immediate burning sensation in the epigastrium when 
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poured through a tube into the lower end of the esophagus, This is a 
much stronger sensation than that produced in the stomach, but it is 
impossible to distinguish the locality of the two. This burning sensation 
in the cesophagus is produced by the alcohol, as the 48 per cent. solution 
has the same effect, whilst the peppermint water, if warmed to the body 
temperature, produces no sensation. Thus it may be concluded that the 
immediate burning sensation produced by a liqueur is in the esophagus 
and that the subsequent feeling of.warmth is in the stomach. Both are 
due to the alcohol alone. It was found that the lower end of the esophagus 
is so sensitive to alcohol that, in testing the sensibility of the stomach, 
special precautions had to be taken to prevent a few drops reaching it 
when the tube was withdrawn. The tube was kept in the stomach for 
half a minute after all the fluid had been poured down, and any 
remaining drops were washed away by a little water before it was 
removed, 

We have confirmed our results by observations on a man on side a 
gastrotomy had been performed for epithelioma of the wsophagus. On 
pouring a 48 per cent. solution of alcohol by a tube into the artificial 
opening of the stomach a sensation of warmth was produced either 
immediately or after a short latent period. The patient, who had felt 
nothing when hot water had been introduced, definitely stated ‘that the 
sensation was more like that produced by swallowing spirits than by 
drinking hot water, and that it could perhaps be better described as 
“burning” rather than mere warmth. On the other hand some pepper- 
mint water produced no sensation. 

Dr Sheaf has informed us that he ino of a long-life teetotaler, 
who was given brandy through a gastrotomy opening, whilst recovering 
from the operation. So pleasant did he find the burning sensation it 
produced, that he took to drink and died ‘from cirrhosis of the liver. 


The burning sensation produced by alcohol in the cwsophagus and: 


‘stomach is not unlike the sensation known as heart-burn.. We have 
shown that the latter cannot be due, as has generally been supposed, to 
regurgitation of - ‘hydrochloric acid into the wsophagus. It seems, 
however, possible that it is produced by the Fre caoria of aleohol, 
formed by fermentation in the stomach. | 
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Experiments on pare have shown that the eplanchaio m major 


and the similar nerves which run to the viscera give rise to pain 
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on electrical and mechanical stimulation. The evidence for the 
presence of sensory fibres in these visceral nerves is as conclusive as 
that for the presence of sensory fibres in the sciatic and trigeminal 
nerves. It has been shown also that electrical stimulation or ligature 
of the nerves accompanyiag the vessels of various viscera, such as 
the small arteries of the intestine, may give rise to pain. It is then 
certain that there is a wide distribution of“ pain’ fibres to the viscera, 
though the relative distribution to the several organs and to the 
different parts of an organ has not been determined. 

Numerous observations, however, have shown that the viscera in a 
healthy condition are insensitive to such treatment as cutting and 
pricking, which would cause acute pain if applied to the skin, and 
it is, no doubt, in consequence of this that from time to time various 
observers have considered the viscera to be completely insensitive. 
The latter view has recently been advocated by Lennander’, as 
a ‘result of observations made on human beings during abdominal 
operations, performed without a general anesthetic after the subcuta- 
neous injection of cocaine. He states that inflamed as well as healthy — 
viscera are insensitive. The observations of Lennander have been 
criticised by Kast and Meltzer’, who attribute the insensitiveness 
found by him to the local injection of cocaine, a conclusion which has 
been confirmed by Ritter®. The slight degree of sensitiveness of the — 
viscera under normal conditions is probably due, as Langley‘ has 
pointed out, to the small number of afferent nerve fibres, with which 
they are supplied. 

We have not up to now done any experiments on normal individuals 
with the object of ascertaining under what conditions the healthy 
alimentary canal responds to painful stimuli. But one of us has on some 
half-dozen occasions been able to demonstrate conclusively that an 
inflamed appendix is itself the seat of pain. In each case the inflamed 
appendix was situated in the pelvis. No great tenderness was observed 
on abdominal palpation, but on rectal examination the appendix could 
be clearly felt, and rolled under the finger, extreme pain being thereby 
elicited, although the examination was otherwise almost or quite painless. 
As the examination was made per rectum, there could be no question of 


1K. G. Lennander. Centralbl, f. Chir. xxvut. 209. 1901 and Mitteil. aus d. 
Grenzgeb. 4. Med. u. Chir, xvt. 24. 1906. 

* L. Kast and 8.J. Meltzer. Journ. Amer. Med. Assoc. xurx. 1013. 1907. 

* 0. Ritter. Centralbl. f. Chir. xxxv. 609. 1908. : 

*J.N. Langley. Brain, xxvt. 23, 1908. 
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the pain being due to irritation of the parietal peritoneum. The diagnosis 
of an inflamed pelvic appendix, uncomplicated by spreading peritonitis, 
was in each case confirmed by operation. These observations show that 
abdominal viscera may be the actual seat of pain, which is not therefore 
always referred in the manner suggested by Mackenzie’ or due to 
irritation of the somatic nerves of the parietal peritoneum at the root 
of the mesentery, as suggested by Lennander. 


1 J. Mackenzie. Brit, Med. Journ. 1906, 1. pp. 1449 and 1528. 
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NOTE ON THE SODIUM NITRO-PRUSSIDE REACTION 
FOR ACETONE. By A. H. Lecturer in 


Biochemistry, Melbourne. 


LEGAL first showed that Weyl’s reaction for creatinin was also giver 
by acetone. The reaction consists in the addition of a few drops of a 
5 °/, solution of sodium nitro-prusside, followed by 1°/, sodium hydrate., 
A red colour is produced both with acetone and creatinin solutions. 

Le Nobel? elaborated the test by showing in the case of acetone 
that acidifying with acetic acid changed the red to magenta, and that 
acetone solutions even when too dilute to produce a red with alkali and 
nitro-prusside yield a red purple colour when acidified with acetic acid. 

He also describes the reaction with ammonia and mentions that 
adding mineral acid in insufficient amount to neutralize the ammonia 
improves the delicacy of the test. 

Bitto* applied the reaction to a vast number of aldehydes and 
ketones. He preferred the use of potassium hydrate as alkali, and he 
describes the colour changes on subsequent acidification with phosphoric 
acid, 

His general conclusion is, that bodies with the group—-CH,—CO 
give the reaction. 

In testing for acetone in urine, the presence of creatinin prevents — 
the direct application of the sodium nitro-prusside test when a fixed 
alkali is used. | 

If however ammonia be used as alkali the creatinin does not react, 
at all events not in the concentrations normally present in the urine. 

But in testing the delicacy of the ammonia nitro-prusside reaction it: 
was found that it was limited by an acetone concentration of 1 in 600. 

The following description indicates how a strikingly delicate and 
characteristic acetone reaction may be obtained. 

The solution of acetone or urine containing the same is taken in a 
quantity of 5—10 cc. A solid ammionium salt is added, then 2—3 


Le Nobel, Archiv f. Exp, Pathol. xvi. p. 9. 1884. 
2 Bitto. Liebig’s Annalen, cotxvn. p. 874. 
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drops of a fresh 5°/, solution of sodium nitro-prusside, and 1—2 c.c. of 
strong ammonia. A positive reaction is indicated by the development 
of a most characteristic permanganate colour. 

The choice of ammonium salt is not wholly immaterial. The 
sulphate should be used for preference, or the chloride, bromide, acetate, 
or carbonate may be selected. 

The nitrate is not equally effective, and for use with urine may be 
less serviceable on account of a possible interaction with urea, and 
formation of urea nitrate. Ammonium oxalate is the one ammonium 
salt which is in no way comparable with the others as of service to 
the reaction. It should not be employed. | ; 

The influence of ammonium salts on the reaction is in great part 
explained by a comparative study of the test. I quote a few substances 
showing their reactions with ammonia alone, and with ammonia in 
presence of a solid ammonium salt. For the sake of comparison the 
results obtained by Bitto with the use of potash solution, and subse- 
quently acidification by phosphoric acid, are placed beside them. 


TABLE. 
8 drops 5% Sodium Nitro Prusside Solution 5 °/, Sodium Nitro Prusside (Bitto) 
Ammonia and sold Acidification by ~ 
Substance Ammonia Ammonium Salt Potash Solution Phosphoric A 
Aldehyde Carmine red Carmine red Carmine red Carmine red 
(reaction of poor (reactionof poor (delicate reaction)  * Colour much 
delicacy) delicacy) weakened 
_ Acetone Red Permanganate — Red ta 
(not delicate, lin (very delicate, 1 in (delicate) — (more ) 
| 1000) 20,000) 
Acetyl Acetone Red Carmine Red Carmine 
(delicate, 1 in 20,000) (very delicate, 1 in 
400,000) | 
Aceto Phenone Red Blue Red 
(not delicate) (delicate, 1 in 10,000) 
Aceto Acetic Ether Orange red Orange red Orange red Orange red 
Aceto Acetic Acid Orange red Orange red : Orange red | Orange red 
Creatinin: Red No colour | Red No colour 


: The much poorer “acid” colouration applies to all the aldehydes examined by Bitto. 


It will be seen that the colour reactions with sodium niten-oemeide, 
and ammonia in presence of a solid ammonium salt, resemble the colour 
reactions on acidification, described by Bitto, 
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'. The colour change occurring on acidification is a’ true indidator 
change. It occurs very closely at the neutral point as indicated by 
litmus. 

For example the reaction of necenhonnne with potash aud 
nitro-prusside gives a red colour. On careful titration of ‘this 
with acid it becomes magenta at the neutral point, and blue with 


a further drop of acid (5 sulphuric was used) If now 2 drops of + 


alkali are added the colour once more changes to red. 

Assuming that the reaction with ammonia and ammonium sulphate 
is related to the acid condition of the pigment 1 drop of a saturated 
solution of ammonium sulphate was added to the above red. At once 
it went back to blue, and other tests of a similar nature are convincing 
in showing that ammonium salts do in fact in all cases quoted in the 
table cause the development of that colour of pigment which corresponds 
to the acid condition. 

This same action of ammonium salts is well known in connection 
with phenolphthalein. An alkaline magenta solution of this indicator 
is decolourized by the addition of ammonium salts, and hence arises its 
uselessness as an indicator in presence of ammonium salts. 

The merits of the test as performed by ammonia in presence of an 
ammonium salt are: 

(1) That it allows of the direct development of the “acid” coloura- 
tion, which for acetone is more delicate and characteristic. 

(2) That whereas the ketones show more characteristic and intenser 
“acid” colourations, aldehydes show very poor “acid” colourations, and 
creatinin none, 

(3) - Creatinin, which reacts red with fixed alkalis and ammonia, has 
a colourless “acid” condition, and so its presence in urine does not 
interfere with a direct test for acetone, when performed in the above 
manner. 

(4) The test is very sensitive, as it is performed in a medium of 
comparatively low OH’ concentration, The presence of a high OH’ 
concentration causes a more rapid rise of colour, but at the same time 
a rapid fading, so that with low acetone values the amount of colour 
developed at any one time never reaches the same intensity, as with 
lower OH’ concentrations. 

(5) The delicacy of the reaction for acetone in urine reaches 1 in 
20,000. Foulness of the urine and the presence of dextrose do not 
interfere with this delicacy. 
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' A reaction however must not be declared negative until after half 
an hour has been allowed for the development of colour. In using 
ammonium sulphate a ring of colour is often beautifully shown at a 
slight height above the undissolved salt, and in order that this may fully 
develope the tube should not be shaken. : 
‘It must be remembered that the colour after its maximum develop- 
ment (half an hour after the reagents have been added) slowly fades. 


ERRATA. 


Vou. XXXVL 
In the Paper by Prof. Cash: 

P. 501, 17 lines from foot, for -9, read 9. 

P. 502,17 lines from top, for *4 and -5, read 4 and 5. 
_ P. 606, 22 lines from foot, for “9, read 9. 

Vou, XXXVII. | 
_ In the Paper by Prof. Osborne and Dr Kilvington: — 
P. 10, last line, for ‘ Weigert-Pal,’ read ‘ Marchi.’ 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
Jan. 25, 1908. 


Further proofs of the non-existence of ‘Protagon’ as a 
definite chemical compound. By GENO. RosENHEIM and M. 
CHRISTINE TEBB. 


Recent investigators (Koch, Wérner and Thierfelder, Posner 
and Gies, Rosenheim and Tebb), in accordance with Hoppe-Seyler’s 
and Thudichum’s early results, have been unable to confirm 
' Liebreich’s claim that “ protagon” is a definite chemical compound. 
Wilson and Cramer’ explain this by reviving the old theory that 

protagon”” is chemically decomposed by boiling alcohol, or even by 
warm alcohol, or other solvents’. 

Nevertheless alcohol is again made use of by Wilson and Cramer 
for the preparation of “protagon,” its action being limited to shorter 
periods of time. As showing that under these conditions chemical 
decomposition of the “protagon” by the alcohol does not take place, 
they rely upon the constancy of the speciffe rotatory power and the 
refractive index, evidence obtained by chemical analysis alone being 
no longer considered conclusive. 


Journal of Experimental Physiol, 1., p. 97. 1908. 

? Gamgee as early as 1880 discarded this theory and wrote ‘‘ protagon is 
rebellious to the action of even boiling alcohol, though that action be continued for hours,’’ 
and Cramer also, in his first paper on the subject, came to the conclusion that protagon 
is not decomposed by boiling alcohol or warm ether. a ee ee 
which he freely acknowledges. 
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Wilson and Cramer state that the specific rotatory power of “pro- 
tagon” in pyridine is [a}> = + 6'8 (6°66 to 7°01). We had previously’ 
found for solutions in a mixture of methyl alcohol and chloroform the 
value [a]p=+68 for Couerbe’s cérébrote (prepared by the method 
published in 1834 of which Cramer’s is a modification) and [a]p=+7'1 
for Cramer’s own “protagon.” Our results so far from being in 
“ striking contrast” with those of Wilson and Cramer as they main- 
tain, show a remarkable agreement if we consider the difference in the 
solvents used and the smallness of the actual readings obtained by them’. 
On the other hand the fractions obtained by us from “ protagon” do 
show a striking contrast in their specific rotatory power; this varies 
from +27 to +7°5, a fact we consider for this very reason 4g additional 
proof that “ protagon” is a mixture. 

Wilson and Cramer assume that their hypothetical decomposition 
of “protagon” by absolute alcohol is a hydrolytic one. Quite apart 
from the fact that alcohol (as well as ether and acetone which they 
also suppose to exert a chemically decomposing action) is not a hydro- 
lytic agent, but on the contrary is characterised by its power to prevent 
hydrolysis, they have not examined the supposed hydrolytic cleavage 
products nor have they established their chemical nature as products 
of decomposition. On the other hand we have lately investigated 
the nature of the substances isolated from “ protagon” by the method 
indicated in our communication (loc. cit.) and found them to be, in 


striking distinction from “protagon,” definite chemical compounds. - 


Although not baving any chemical affinity they influence each other 
physically in their solubility, a fact which explains the difficulty of 
isolating them when mixed (=“protagon”) by means of a single 
solvent such as alcohol, They undergo hydrolysis with difficulty 
under the influence of alkalies and of strong mineral acids. 

We have obtained conclusive experimental proof that this revival of 


1 This Journal, xxxvi. p. 1. 1907. 

* The fact that Wilson and Cramer obtained readings of only two-tenths of a degree 
at +30°C., having used a 8°/, solution in a 1 dm. tube, impairs strongly the value of the 
constants thus calculated as a basis for such far-reaching conclusions. We had long ago 
discarded the use of pyridine for this purpose on account of the small solubility of 
“ protagon ”’ in it, and we have further found that solutions of this substance in pyridine 
show remarkable susceptibility to changes of temperature. They become optically 
inactive and show even reversal of the direction of rotation. Further investigation has 
shown that this is due to the peculiar physical behaviour of the phosphorised fraction 
—<é€™€6 rrr yelin. We are continuing the study of the 
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the decomposition theory is untenable. We have been able to fractionate 
“andecomposed protagon” ([a]) = + 6°6) under conditions which exclude 
decomposition in Wilson and Cramer’s sense. The phosphorus 
percentage of the constituent fractions varies from 0°19 to 2°28. 
Further, we have been able at will either to retain, after recrystalli- 
sation, the original phosphorus percentage (1 °/,) of a “protagon,” or 
to reduce it in one recrystallisation to as little as 0°16°/,; this result 
was brought about by using mixtures of inert solvents in varying 
proportions. The conditions of the experiments were such as to 
exclude decomposition. 

We stated in our last communication that we had succeeded in 
isolating some of the substances constituting “protagon.” We then said 
that “it is evident that a mechanical mixture of these substances 

. would enable us to artificially reconstitute a ‘pure protagon’ with a 
phosphorus percentage varying from 0°9 to 12.” 

This statement is accepted by Wilson and Cramer with the modi- 
fication that “if Rosenheim and Tebb wish to prove that this mixture 
. « . is identical with protagon, they will have to show that this mixture 
retains its composition after repeated recrystallisations and that it bas 
the same specific rotatory power as protagon.” 

. | We have since carried out our idea and have prepared an “ artificial 
protagon” by mixing in the required proportions the substances 
isolated from ‘ protagon.” It had a phosphorus content of 1°/, and 
had a specific rotatory power, taken in pyridine under the same condi- 
tions as those of Wilson and Cramer, of [a]> = +69. It is clear 
therefore that constancy of the specific rotatory power (although this 
term is hardly justifiable in the case of a mixture) is only evidence that 
the substances constituting the mixture are present in certain, fairly 
constant, relative amounts, and in no way decides in favour of the 
existence of a definite chemical substance, as is assumed by Wilson 
and Cramer. We have further been able to show that the artificial 
protagon mixture can be repeatedly recrystallised without affecting 
its composition or its optical activity. For this purpose we have 
recrystallised twice another artificial protagon of which the phos- 
phorus percentage was purposely chosen a little higher (1'2°/,) and 
found the phosphorus in the twice recrystallised product to be 1°19 °/,. 
Another sample made up to contain 1°02°/, phosphorus was found on 
recrystallisation to possess 0°99 °/, of phosphorus, and its optical activity 
in pyridine was {a])=+6°6. A specimen of natural “ protagon” under 
a2 
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the same conditions of recrystallisation changed its phosphorus per- 
centage from 107 to 101. These artificial crystalline protagon 
mixtures, which are identical in chemical composition and physical 


properties with “protagon,” can of course. like the latter be again 
separated into their constituents by the methods previously employed. 
‘The above results are given in the following table :-— 


Artificial Protagon. 
in original in 
mixture {eh 
1°00 +69 
lst reoryst. 2nd recryst. 

1-20 1-19 1:19 
1-02 0-99 +66 


In view of these results we must reaffirm our previous conclusion 
that “ protagon ” is not a definite chemical compound and that the use 
of the term has only a historical justification. Nevertheless the name 
may be usefully retained. Just as the term “ peptone” is still applied 
to the mixture of amino acids obtained by digestion of protein, 
may the white product which is obtained by cooling a hot alcoholic 
extract of brain still be conveniently called “ protagon.” 

Full. details of the methods employed, together with saree 
— analyses, will be published later. 
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The reaction with protamine se.a means of distinguishing 
primary from secondary proteoses. By A. Hunrer. 


It has long been known that the protamines in alkaline (ammoniacal ) 
solution possess the property of precipitating many other proteins, 
but the precise qualitative and quantitative relations of the reaction 
have not been thoroughly worked out. Last summer under Professor 
A. Kossel’s direction I examined from this point of view a considerable 
number of proteins and related bodies’. It was found that while 
protamine combined in definite proportions with all native proteins 
(including such widely different substances as crystallised egg-albumin, 
edestin, and gelatine), and also with primary proteoses (whether of the 
proto- or hetero- group), it failed to react with any of the remoter 


products of hydrolysis, whether secondary proteoses, peptones, or 
polypeptides. 

I have subsequently found this distinction capable of some useful 
practical applications, as for example in following qualitatively the 
course of a peptic digestion, or in testing the freedom from primary 
proteoses of a preparation of the secondary ones. For these. and 
similat purposes a 1 per cent. ammoniacal solution of clupeine sulphate 
supplies a convenient and delicate test. The reaction is an extremely 
sharp one. Solutions of Witte’s peptone so dilute as to give a hardly 
appreciable biuret reaction, and no reaction whatever with nitric acid 
or copper acetate, yet show with the protamine test an almost immediate 


1 See Zeitschrift f. physiolog. Chemie, Vol. um. p. 526. 1907 
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clouding. On the other hand adequately purified solutions of deutero- 
proteose (such as can be conveniently prepared by Folin’s copper 
acetate method) give not a trace of a reaction. 

What it is precisely in the protein molecule which conditions the 
precipitability by protamine I have been quite unable to determine. 
Certainly it is not the presence or absence of any particular amino- 
acids, for native proteins of the most varied composition are precipitated, 
and, as far as we know, all the amino-acids of the parent molecule 
are present in the group of deutero-proteoses derived from it. Nor 
does it appear to be any particular order of arrangement within the 
molecule, fur of a large number of synthetic polypeptides examined 
none were precipitable. Further, while the amount of protein which 
will combine with one part of clupeine ranges from 2°5 parts in the 
case of caseinogen to 8°5 in the case of edestin, I could find no relation- 
ship between these figures and the composition of the protein. 

Possibly the reaction depends merely on the size and complexity of 
the molecule, or, it may be, on some peculiar form of linkage which is 
broken up by pepsin just at the change from primary to secondary 
proteose. 

In this connection it is interesting that protamine itself can be 
deprived of its precipitating property without undergoing any very 
profound decomposition. By such mild hydrolysis as is produced by 
warming half-an-hour with 10 per cent. sulphuric acid one obtains a 
clupeone, which can hardly be distinguished from clupeine except by the 
fact that it no longer precipitates proteins. Possibly the change under- 
gone in this case is analogous to the change from primary to secondary 
proteose. 


The chloroform balance. A new form of apparatus for the 
measured delivery of chloroform vapour. By A. D. WALLER. 


The apparatus now shown in action has the following construction : 

A closed glass bulb of a capacity = 450 c.c. is suspended from one 
side of the beam of an ordinary cheap balance, the pointer of which 
shows 3 millimetres per centigramme, and is counterpoised at the other 
side of the beam. 

The balance case (capacity = about 30 litres) is provided with inlet 
and outlet tubes, the former connected with a chloroform bottle through 
which a current of air (in this case about 15 litres per minute) is 
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ectablished by a pump or bellows, the latter connected with the mask 
or tube by which the mixture is delivered. The tube from the bellows 
or pump is provided with an elastic bag and a constant stream of air is 
secured by a perforated “stop” fixed in the Inmen of the tube; the 
chloroform bottle is provided with a regulating tap, by which all or 
none of the stream of air is passed through the chloroform bottle at 
will. The latter is graduated. 


Smoked Cylinder 


Space of 30 litres 
air and chloroform 
vapour at 27 Scale 


_ The percentage of chloroform (or of ether vapour if ether be used) 
is indicated by the pointer of the balance. It is at the same time 
recorded, if desired, on the smoked surface of a drum revolving once 
per hour (or per 12 hours), by means of a light pen fixed to the beam 
of the balance. This pen serves at the same time to damp the oscilla- 
tions of the beam. 

The calibration of the instrument is effected by means of weights 
corresponding with the weights of 1, 2, 3 per 100 of chloroform vapour 
in the volume of air represented by the bulb at ordinary temperature 
and pressure. In the model now shown the calibration has been by 17 
milligramme weights each of which represents 1 per cent. of chloroform 
vapour in air at 18°O, and 760 mm. Hg. 

For the calibration at 18°C. and 760 mm. Hg of a chloroform 
balance in relation to the volume of a given bulb, divide the volume in 
c.cms. by 26°35; the quotient expresses the number of milligrammes 


2 
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2 Beam of Balance | 
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that correspond to 1 per cent. of chloroform vapour, eg. for a bulb of 
870 c.c. the corresponding weight is nee or 38 milligrammes, and the 


scale of 1 to 3 per cent. is given by weights of 33, 66,99 mgms. The 
effect of variations of temperature and pressure may be disregarded in 
this connection. The corrected values of 1 per cent. would be 1017 
and 0983 at 28° and 18° respectively at 744° and F.). 

The zero of the chloroform scale is of course given by the position 
of the indicator points at the scale and on the record when the bulb is 
surrounded by air. If the indicator point at the scale is not opposite 
the zero marked there, the correspondence is secured by counterpoising 
or more simply by shifting the scale. At the temperature of 18 + 10° 
the zero line would thus be lowered or raised by a weight of about 
20 milligrammes (=rather more than 1 per cent. of chloroform) but 
the correction is not required since it is made automatically. 

Differences of initial temperature do however affect the scale itself 

as described above, causing within its range an error which is the 
percentage of a percentage. 
Variations of temperature during observation would of course raise 
or lower the scale zero, but they are fortunately too trifling to be of 
account in the instrument shown. There is generally a variation of 
not more than +02 to 0°3°, implying a variation of weight of 0°4 to 
06 milligrammes, 1.¢. 00235 to 0°0353 per cent. of chloroform. These 
are negligible corrections in the case of records taken by means of a 
450 c.c. bulb with 1 per cent, chloroform at 18° and 760 mm. repre- 
sented by 17 milligrammes of counterpoise and on the record by an 
ordinate of about 3°5 millimetres. 

For finer observations with a delicate balance and a larger bulb— 
870 c.c, and 1 per cent. CHCl, is represented by 33 milligrammes, and 
readings taken by the null method on the pointer scale with an appro- 
priate rider used as counterpoise, the estimation can be made to an 
error of +4 or } milligramme, i.e. to an error of between yy, or zh, per 
cent. of CHCl,. In this case of course the thermometer and barometer 
readings are taken into reckoning. But for all ordinary chloroform 
determinations temperature and pressure corrections are unnecessary. 

The litre weight difference of ether vapour as compared with air 
(2020) is practically one half that of chloroform (4045), so that the 


chloroform scale 1, 2, 3 percent. is at the same time an ether scale 
2, 4, 6 per cent. 
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The influence of intrapericardial pressure upon the inspi- 
ratory rise of blood pressure, in vagotomised cats. By THomas 
LEwis. 


(Physiological Laboratory, University College, London.) 


That a rise of intrapericardial pressure produces a diminution in 
aortic blood pressure, and that conversely a falling .intrapericardial 
pressure is accompanied by a rising aortic pressure, are facts which have 
been well known since the time of Cohnheim. Direct experimentation 
with the object of investigating the relation of intrapericardial pressure 
to respiratory curves of blood pressure does not appear to have been 
undertaken, 

In a series of experiments on cats', made from a different point of 
view, it was found that when the heart of a curarised animal was 
enclosed in a glass cardiometer, very small changes of pressure in the 
cardiometer system produced comparatively wide changes in the height 
of a mercury column connected to the carotid. In six experiments of 
this sort, it was found on the average that a rise of mtrapericardial 
pressure of 1 mm. Hg was accompanied by a fall of systemic pressure 


of 8 mm. Hg; and conversely a fall of pericardial pressure of 1 mm. 


resulted in a rise of 8 mm. blood pressure. The delay in fall or rise of 
blood pressure did not as a rule exceed two heart beats or } to 2 seca. 
The important bearing which this might have upon the question of the 


) All animals were under complete anaesthesia during the whole of the experiment. 
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causation of respiratory curves of blood pressure being recognised, a 
second series of experiments was made on cats anaesthetised with 
urethane and a.c.z. Under artificial respiration, the left pleura was 
opened, and through a small slit in the pericardium, opposite the 5th or 
6th interspace, a short brass tube (bore 5mm.) with a narrow flange was 
tied into that sac. A small rubber tube was passed through a lower 
intercostal space so that it lay in the pleural cavity directly above the 
diaphragm. The wounds were then closed, with the respiration held 
for an instant or two in the inspiratory position. Any air remaining in 
the pleura was withdrawn through the lower rubber tube. The latter 
and a rubber tube fastened to the brass pericardial tube were now 
clamped and the animal allowed to resume uninterrupted natural 
breathing. On cutting the vagi a little later, the well-known vagal 
breathing, infrequent and characterised by prolonged inspiration 
appeared. Such breathing is accompanied by a rise of blood pressure 
during the short expiration, a preliminary fall with inspiration, and 
during the prolongation or suspension of inspiration by a well-marked 
rise of blood pressure. The last curve, termed by de Jager the 
“velocity curve,” has been attributed mainly to two factors. First the 
decreased resistance in the lungs, and secondly an increased filling of the 
right heart. The teaching of to-day lays stress on the former as the 
more potent. 

In the first cat upon which the above detailed experiment was 
attempted, this velocity curve vanished entirely upon unclamping the 


Cat. wht. about 2 kilo. Urethane, s.c.2. T.= intratracheal pressure, B.=blood pressure. 
a, beginning of expiration. b, beginning of inspiration. ¢, beginning of suspended 
inspiration. 


a The pericardiam was closed within a few heart beats of the point indicated 
arrow. 
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pericardial tube. In the figure the effect of reclosure of the pericardium 
is shown. 

The result of this experiment was so definite that it may be 
concluded for this particular animal that the velocity curve depended 
upon increased diastolic filling of the heart, and in no way upon 
decreased resistance in the lungs. 

The results of observations up to date are as follows. In 5 cats 
weighing from 2 to 2°25 kiles, the full effect, that is to say complete 
abolition of the velocity curve, was obtained on opening the pericardium. 
In 2 “large” cats, and in one weighing 3°25 kilos a decrease of the 
curve to about 4 to } its original height was noticed, but complete 
disappearance was not obtained’. 

In this series of experiments, 2 animals were also utilised to test the 
effect of raising or lowering the intrapericardial pressure “in situ,” the 
brass tube being connected to a recording tambour. The results were 
in accord with those obtained under artificial respiration, that is to say 
marked changes of blood pressure occurred when the intrapericardial 
pressure was varied within a few mm. Hg. The full results will be 
subsequently published. 

It is impossible to discuss here the relation of these experimental 
findings to past work ; mention need only be made of their complete 
accordance with the facts stated in the recent papers of Tigerstedt 
(Ergebnisse d. Physiol. 1903; and recent articles in the Skand. Archiv.), 
as they tend to show that the changes of resistance in the pulmonary 
circuit during respiration are small or in certain cases even negligible. — 


The pseudo-peroxydase reaction between haemoglobin, its 
derivatives and the leucobase of malachite green. By GEORGE 
A. Buckmaster, University College, London. 


The leucobase of malachite green—tetramethyldiamidotriphenyl- 
methan—was first used by O. and R. Adler in 1904 for the detection of 
blood*. This white crystalline substance is insoluble in water but 
solutions in weak acids, e.g. acetic, are readily oxidised to a blue-green 


(malachite green) which is permanent for days. Adequately diluted 


solutions give a distinctive one-bahded absorption spectrum, the centre 


a In a later experiment on a cat of 3} kilo, in which a larger intrapericardial tube was 
used, the fall effect was recorded. 
2 Zeitechrift f. Physiol. Chemie, uxt. p. 58. 1904. - 
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of the band nearly coinciding with line D. As a result of this property, 
it is possible, as Czyhlarz and v. Fiirth' have shown, to measure with 
accuracy the rate at which the leucobase is oxidised, e.g. by peroxydase 
of animal and vegetable origin, or by acethwmin in presence of H,0, 
(pseudo-peroxydase reaction). 


Peroxydases are much more stable than the oxydases. Those 


obtained from horse radish by Chodat and Bach*, from tebacco by 
Woods’ are less sensitive than the oxydases described by Spitzer‘ to 
heat. Still, boiling for half an hour permanently abolishes the action of 
all peroxydases hitherto described. The behaviour of hemoglobin and 
its non-containing derivatives towards guaiaconic acid and H,0O,, aloin 
and H,O,, leucobase and H,O,, pyrogallol and H,0, I find is not abolished 
by heating for the same or indeed for any length of time, nor can I 
agree with Dr Senter’s view® that boiled blood-solutions are less active 
than normal blood-solutions towards the most sensitive of all tests, viz. 
that with guaiaconic acid. Chodat and Bach‘ state that solutions 
of guaiac resin may spontaneously turn blue; I find that solutions 
of guaiaconic acid do not, but H,O, alone will, in glass vessels, easily 
directly oxidise both these solutions to guaiacum blue. This is the 
explanation of what Dr Senter has noticed; for he states that “the 
development. of the blue colour depends greatly on the peroxide 
concentration,” and of course this is true, for H,O, will directly 
oxidise guaiaconic acid, in fact does so somewhat rapidly. 

In order that the reaction with leucobase-peroxide shall succeed 
with blood it is essential that the colouring matter of the blood, for 
to this the reaction is due, shall contain iron in its molecule. Solutions 
of hematoporphyrin, hematoidin or bilirubin do not oxidise the leuco- 
base to malachite green. 


A solution of leucobase 25 gramme in 163 ¢.c. of H,O and 12 ¢.0, glacial acetic acid 
——— In a series of exactly similar test-taubes 2.0. of this solution and 2 ¢,c. of 


were placed and diluted with 10c.c. of distilled water. A hemoglobin solution 


was made, 1 ; :1000 of a blood which by the hemoglobinometer (Gowers-Haldane) read 110. 
To this a drop of deetic acid was added, the solution boiled for ten minutes, and the 
original volume restored. 


* Hofmeister’s Beitriige, x. p. 863. 1907. This paper contains full references to 
recent work in ferment and allied reactions. , 
1904, 
U.S. Dep. of Agric. No. 18. Pfifiger’s Archiv. 1997, 
® Proc. Physiol. Soc. Nov. 1907. ® op. cit. 
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L, Leucobase+H,0,+ *1¢.c. Hb solution. 
2. ” 2 ” 
5. ” ” 
6. ” "6 
7. 7 ” 
8, ” ” 8 ” 
11. lc.c. sol. of hematoporphyrin 
12. control 


_ After 1 hour a perfect gradation in depth of tint of tubes 1—10. In tubes 11 and 12 
no colour, After 20 hours and after 80 hours the same complete gradation but the 
intensity of colour more marked. From this it is obvious, as Czyhlarz and v. Firth 
have shown for acethemin solutions, 

(1) That the extent to which the leucobase can be converted depends entirely on the 
amount of pigment present, 

(2) That the reaction is not due to any ferment such as the peroxydases of animal and 
vegetable origin, 

(3) That, as I have already shown for the guaiacum test, removal of the iron from 
the 

the te qneted. Strengths of leucobase, 
peroxide and hemoglobin as above. All tubes made up to same volume with distilled 
water. 

1. Control; Hb sol. boiled -8c.c. + 1¢.c. Leucobase 
2. Hb sol. boiled -B.c.c. + 10.0. Leucobase + ‘5.6. H,0, 
” 1°5 
” 2 
2-5 
3 
” 3-5 
4 
10. 4°5 


Tubes 2 to 10 precisely similar in tint at 4th, 20th and 48th hour and it is therefore 
certain that unlike guaiaconic acid, which can be directly oxidised by H,O,, the leucobase 
is oxidised by hemoglobin in presence of H,0, (pseudo-peroxydase reaction) and not to any 
extent by the amount of H,O, which was added. 


Bertrand in 1904 when criticising the work of O. and R. Adler’ 
considered that the blueing of guaiacum or such bodies as benzidin 
was due to the oxygen liberated by peroxydase, which then acted upon 
the chromogenic substance and so gave rise to a colour reaction. 

That this cannot be the explanation of the guaiacum test for 


1 Bull. de UInst. Pasteur, p. 898. 1904. 
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blood I have shown elsewhere’. Moitessier also has found that no 
part of the reaction between blood, guaiacum tincture and peroxide is 
due to a peroxydase, for there is complete uniformity in the behaviour 
of boiled and unboiled blood, whether these be strong or weak solutions. 
From his experiments, with which my own are in complete agreement, 
he concludes that “Les faits qui precédént démontrent qui, a |’inverse 
de ce qui a lieu, pour le pus, dans les réactions données par le sang 
avec le gaiac ou la benzidine en présence de l'eau oxygénéde le réle 
de la peroxydases des globules est nul ou tout & fait accessoire’.” 

Finally I am unable to accept Dr Senter’s suggestion that the 
sodium chloride in blood can be the cause of the guaiacum-peroxide 
reaction. The amount of the salt in a blood solution 1: 100,000 giving 
the reaction is certainly insufficient: the blue colour which guaiaconic 
acid develops, that of aloin-red, of malachite green when blood is 
employed, is due neither to chlorine, nor to any ferment, but to the 
Iron in blood-pigment. The reaction resembles, but is in its nature 
quite dissimilar to any of the peroxydase reactions hitherto described. 
For convenience this may be termed a pseudo-peroxydase reaction. 


On the Creatin-Creatinin content of frog’s muscle. (Preli- 
minary Communication.) By T. GRAHAM Brown E. P. CATHCART 
(Glasgow). 


The question as to whether stimulation has any effect on the 
creatin-creatinin content of muscle tissue is one of considerable interest 
and one on which many opposing views have been held. 

In the present short preliminary communication (our investigation 
having been interrupted by an exceptionally fatal outbreak of “ red-leg ” 
in our frogs) we wish to draw attention to the fact that variations in 
results may arise from differences in the methods employed in carrying 
out the investigation. 

Our experiments were carried out on large frogs—Rana esculenta— 
weighing on the average about 150 grams. The methods of extraction 
which we employed for obtaining the muscle extract will be described 
in a later communication. As regards the estimation of the Creatin- 
Creatinin content this was always carried out as Total Creatinin, that is 
after heating the muscle extract with hydrochloric acid as described by 


' Proc. Physiolog. Soc., March 28, 1907. 
* Comptes rendus, p. 880. 1904. 
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Folin. On several occasions we attempted to estimate the creatin and 
creatinin separately, but owing te the very small amount (if any) of 
creatinin present even in Serfés I this was given up for the time being. 
As muscle tissue we used the gastrocnemii of several frogs, one side for 
stimulation the other to serve as controls. 


Series I. Ordinary isolated nerve muscle preparations. 


Jo of total creatinin °/, of total creatinin Increase or decrease 

in normal (controls) in stimulated in amount present 
A 0°82 0-36 12 °/, imerease 
B 0-30 0-32 
D 0-36 0-39 8% ,, 
E* 0-33 0-36 59%, 

* E had “ red-leg.” 

Series II, Muscle left im situ, circulation intact, decerebrated frogs. 
°/, of total creatinin °/, of total creatinin Increase or decrease 
in normal (controls) in stimulated in amount present 

A 0°37 0-26 °/, decrease 
B 0°35 0-29 62%, ,, 
0-30 0-23 91%, 
D 082 0°24 


Further, we did control experiments in which the Total Creatinin 
content of opposite sets of muscles was compared and we found that the 
mean difference was less than 1°/,. The maximal difference so far has 
been 1°07 °/,. 

In Series I. then where the stimulation was carried out in ordinary 
isolated nerve muscle preparations a constant increase in the Total 
Creatinin content is found. In no single experiment did we ever have 
any other result. 

Whereas in Series II. in which the muscles were stimulated through 
the skin in an ordinary decerebrated frog with its circulation intact 
there is just as constant and regular, although small, a decrease in the 
amount of Total Creatinin to be extracted from the museles. 
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Further experiments upon the secretion of urine in the frog. 
(Preliminary Communication.) By Wintrrep C. CULLIS. 


In a recent paper (Journ. of Physiol. xxxiv. p. 250. 1906), I 
described some experiments upon the frog’s kidney perfused with saline 
solution. I have since conducted further experiments, in one set of 
which the behaviour of the kidney was studied when perfused with a 
saline solution from which the oxygen was extracted. Such a plan of 
experiment offered a means of estimating whether filtration or other 
purely mechanical factors played any part in the flow of fluid along the 
ureters in these experiments. The general plan of the experiment was 
to perfuse with saline solution well oxygenated and when a good flow 


along the ureters had been established to change the solution for one 


from which the gases had been extracted. The extraction of the gases 
in the early experiments was effected by boiling, in the later by 
evacuating at laboratory temperature. 

In every experiment the absence of oxygen from the perfusing 
solution exerted a most marked effect upon the flow of fluid along the 
ureters and always in the direction of slowing it. This was the case 
both in experiments in which a simple Ringer solution was employed as 
well as in those in which some diuretic was added to the saline (e.g. 
sodium sulphate). 

The most usual result was a doubling or trebling of the time 
required to fill the cannula between two marks, a change of rate coming 
on gradually and becoming more and more marked the longer the 
perfusion with the de-oxygenated saline was maintained. A complete 
cessation of urine flow when the oxygen was removed was never obtained 
nor could it be expected under the conditions of the experiments, for in 
this preliminary series the saline, after the gases had been exhausted, 
was afterwards exposed to the air, and though care was taken to keep it 
unshaken and only to perfuse from the deeper layers of the saline yet it 
soon became clear that much more care would have to be exercised in 
protecting the saline if it was to be kept quite oxygen free, Analysis of 
the saline towards the end of the experiment showed that a small 
amount of oxygen was present. A still greater source of error lies in the 
difficulty of preventing all access of air to the kidney directly, and this 


is especially important in view of the large surface and small bulk of — 


the kidneys. Further experiments are in progress in which much more 
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complete precautions in these respects are being taken. The results at 
present obtained represent’ what happens when the oxygen supply to 
the kidney is restricted rather than when the kidney is quite 
asphyxiated. 

These results are illustrated by the following figures : 


July 12, 1907. 
4.15°~ Perfusion of frog's kidney with oxygenated saline begun 
Time in seconds to fill cannulae 
between two marks 
Right side Left side 
5.30 65 526 
5.34 64 55 
5.36 67 
5.40 Changed to de-oxygenated saline 
5.43 65 50 
5.45 9 62 
107 71 
5.54 165 118 
1 6.00 176 170 
4 6.05 Changed to oxygenated saline 
: 6.06 279 220 
6.13 159 
6.10 80 72 
6.19 70 35 
6.23 Changed to de-oxygenated saline 
6.24 67 45 
6.27 75 50 
6.29 95 76 
6.40 132 80 


The general conclusion which may be drawn from these experiments 
is that the flow of urine observed during a perfusion of the frog’s kidney 
with saline solution is produced by a true secretory activity of the renal 
epithelium and is not a mere filtration from the glomeruli. 
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Demonstration of the “‘ Contractility” of Nerve, of Fiddle- 
strings and of other Strings. By A. D. Water. (Experiments 
by Miss H, P. Kemp and A. D. WALLER.) — 


In his recent book on Comparative Electro-physiology Professor 
J. C. Bose? offers two principal contributions to knowledge, which if 
genuine would deserve to rank as notable discoveries, and are in any 
case of a nature to arouse the attention of physiologists. 

These two “discoveries” are (1) that of “ vegetal nerves” in plants 
“remarkably similar in appearance to animal nerves and indistinguish- 
able from them as regards their physiological response throughout a 
long series of parallel variations of conditions” (p. 469) and (2) that 
of the contractility of animal (and “ vegetal”) nerves, concerning 
which its discoverer “finds it difficult to understand how the idea 
of the non-contractility of nerve (as compared with muscle) can 
ever have. gained currency among physiologists unless indeed it was 
due to the tyranny imposed on our monges by arbitrary classifications ” 
(p. 507). 

The existence of “ vegetal nerves” rests, as presented by the author, 
in large measure upon the similarities between their “contractions ” 
and those of animal nerves, so that the second of Professor Bose’s 
announcements is naturally the first that requires to be tested. 

Demonstration (Part 1). 

A nerve—whether living or dead is immaterial—is fixed in a moist 
chamber by a clamp and wire to a lever magnifying 10 times; the lever is 
in the field of a lantern objective magnifying 8 to 40 times so that the 
total magnification is 80 to 400 (ie. approximately that employed by 
Bose in his “ Kunchangraph ”), The movements of the lever are photo- 
graphed, or, as at present, projected on the lantern screen. Tetanising 
currents, from a Berne coil at 1000, 5000, 10,000 units, are passed 
through the length of the nerve, which exhibits the ordinary effects 
of heat, viz. elongation by moderately strong, and shortening by very 
strong tetanisation. The effects are obviously heat effects, similar to 
that shown a few years ago by Engelmann’* on fiddle-string E, to 
illustrate his thermo-mechanical theory of muscular contraction, and 


* Comparative Electro-physiology, by J. C. Bose, M.A., D.Se. (Longmans, Green and 
Co., 1907). 

* Engelmann. On the nature of muscular contraction, Proc. R. S. (vol. uvu.), 
p. 411. 1895. 
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subsequently on nerve by Brodie and Halliburton’, and are not in 
any sense physiological manifestations of contractility. 

The weight and the electrical conductivity of a fully “ contracted ” 
nerve are greatly diminished by loss of water. With moderately strong 
currents the amount of contraction varies with the time during which 
the currents pass through the nerve. | 

Demonstration (Part IT). 

A similar experiment.on a fiddle-string (Engel mann’s E string) gives 
similar results, viz. 


with tetanisation “ weak or brief” —elongation, 
with tetanisation “strong or long ”—shortening. 


The weight and the electrical conductivity of a fully “contracted ” 
fiddle-string are greatly diminished by loss of water. With moderately 
strong currents the amount of contraction varies with the time during 
which the currents pass through the fiddle-string. 

By variations of the dimensions of the string, of its electrical resis- 
tance, and of the strength and rhythm of the “exciting” currents, all 
sorts and patterns of record in mimicry of physiological records can be 
produced. If any one, following Professor Bose’s terminology, chooses 
to call elongation “ positive” and shortening “negative,” it is obvious 
that by more or less tetanisation (giving more or less heat) “we may 
obtain either (1) abnormal positive transformed to normal negative 
responses, (2) diphasic passing to normal negative, or (3) feeble, becoming 
enhanced negative response” (p. 626). Similarly by much or little 
heat we may illustrate (or parody) staircase effect, fatigue, recovery, 
action of drugs, &. &, But the use of physiological terms in 
such a connection is calculated to mislead the uninstructed. 

We have been asked for an estimate of the amount of heat produced 
in Professor Bose’s experiments and in our own. It is of course impos- 
sible for us to say how much heat has been produced by Professor 
Bose’s “ fairly strong tetanisation,” and it is, in any case, difficult to 
give an exact estimate of the amounts of heat generated by induction 
currents passed through a conductor of variable resistance. To any one 
who should desire to form some idea of these amounts, it will be 
sufficient to be told that with our Berne coil at 10,000 units and 4 volts 
in the primary circuit at 30 interruptions per second, the heat developed 
in a conductor of 4 megohm resistance came out by direct observation at 


1 Brodie and Halliburton. Heat contraction in nerve, Journal of Physiology, vol. 
xxx1. p. 478. 1904. 
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0-015 calorie per second, so that the temperature of a nerve weighing 
0-01 gramme, with a resistance = about } megohm and a specific heat 
capacity = 09, might be raised at the rate of 1°35° per second in the 
absence of evaporation, We estimate this strength to be upwards of 
10,000 times greater than the strengths in ordinary use for the maximal 
physiological excitation of nerve, The difference is still more pronounced 
if we compare minimal energies required to produce physiological and 
mechanical effects respectively on frog’s nerve. The former as deter- 
mined by one of us some years ago’ is between 0001 and 0002 erg. 
The latter as approximately estimated in the present experiments was 
at least 365,000,000 times larger. With the strengths of current 
required to produce mechanical effects on nerve, the rise of temperature, 
although of course limited by evaporation, is easily demonstrable by 
a single thermo-couple or by an air thermometer, and its effects are 
evident on moist conductors such as nerves, not only by their relaxation 
and contraction, but also by the fact that the nerve (or other moist 
conductor) loses weight by evaporation and is rendered dry and friable. 

We have also been asked whether constant currents produce a 
similar effect and have therefore tested a nerve by the ordinary house 
current at 100 volts (continuous); knowing however that the average 
resistance of 5 cm. of nerve is about 1 megohm, and that the calories 
produced in it would therefore be only eo per second, ie. 
0'0024 calorie per second, we were not surprised that no mechanical effect 
was produced. The heat was not sufficient. On the other hand by an 
ordinary motor car coil giving through 4 megohm secondary currents 
equivalent to 0°5 calorie per second (sparking distance = 10 mm.; voltage 
= 30,000) the conitraction of bits of wet hemp or flax or jute, as well as 
of nerves and fiddle-strings and celluloid and tendons, was instantaneous ; 
under similar treatment a long blood clot after brief relaxation and 
contraction was quickly converted into a stiff red stick. 

The contractility of nerve in response to stimulation is not proved 
to exist by the fact that a nerve (or a fiddle-string or a slip of celluloid) 
shortens (or lengthens) when heated by induction currents. We should 
have been spared some trouble if Professor Bose had described the 
physical conditions of his observations so as to make clear the now 
obvious fact that his contraction of nerve was merely a case of the 
general phenomenon of heat contraction. And it appears to us very 
surprising that a professor of physics should not have known or suspected 

‘ Waller. The characteristic of nerve, Proc. R. S. vol. uxv. p. 207. 1899. 
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that his “fairly strong tetanisations” would produce heat and the 
ordinary physical effects-of heat on any moist conductor whether living 
or dead, 


‘Fig. 3. Fig.4. 


Fig. 1. Frog’s nerve. Berne coil, 4 volts 10,000 units, 50 per sec. Currents passed each 
minute for 5, 5, 5, 10, 15 and 5 secs. Greater shortening with greater heat, in each 
case preceded by very slight relaxation. 

Fig. 2. Fiddle-string E. Berne coil, 4 volts, 10,000 anits, 30 per sec. Currents passed 
each minute for 5, 10, 15, 10,5 secs. Greater elongation with greater heat, _ 

Fig. 8. Fiddle-string Z. Berne coil, 4 volts, 10,000 units, 30 per sec. Currents passed 
for 80 secs. Elongation followed by shortening. 

Fig. 4, Fiddle-string. Car coil. 4 volts. Current passed for jth sec. Immediate 
shortening. 
N.B. In each case the length of the nerve or string was between 4 and 5 em., and the 

photographic magnification of the movements was x 400. 
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A simple mask for rapid induction of anesthesia in small 
animals. By W. Leaar Symes. 


This apparatus was designed to avoid a drawback, common to most 
(if not all other) masks used on small animals, viz. the failure to cover 
the angles of the mouth without also covering or closing the eyes. 

It consists of an open, hollow, metal cylinder, measuring (for cats) 
18 x9 em., of which one orifice is of full bore, and the other narrowed 
to a diameter of 7. cm, A side tube leading into the cylinder half-way 
between its ends, is closed when not required. 

The mask is employed as follows. With the more appropriate 
orifice slipped over the (supine) animal's head, the cylinder is held, 
tilted upwards, resting lightly on the sternum. Thus the whole head 
is within the cylinder, and its withdrawal is impossible; further, there 
is no pressure on any part of the respiratory tract. Ether (or other 
anesthetic) is supplied on to a cloth projecting over (or into) the 
free opening of the cylinder; or, if preferred, anwsthetic vapour («or 
gas) can be pumped into the cylinder ma the side tube. 

In addition to non-interference with respiration and security from 
escape, the apparatus offers the following advantages. 

1. Whether the animal breathes through nose or mouth, it cannot 
fail to inhale anesthetic. 

2. The palpebral reflex can be tested at any instant, without 
interruption of induction, by a feather or probe, and the pupil is 
visible throughout the induction. 

3. The anesthetic can be instantaneously and wholly withdrawn, 
thus enabling work with relatively concentrated vapours, and so 
facilitating rapid induction. 3 

4. No bit is necessary, as it is impossible for the animal to bite. 

5. It is readily manufactured, ¢g. by removing the bottom of an 
ordinary lever-top canister of suitable size. 
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or other liquids. By 8S. B. Scuryvenr. 


This is essentially a modification of the Soxhlet extraction ap- 
paratus. The substance to be dialysed is put in a suitable membrane 
placed in the receiver A.- Distilled water, or any other liquid 
employed, is boiled in the flask B and condensed by the condenser 


 @. The condensed liquid drops through tube E to the bottom of 


receiver A, which had been previously filled with some of the liquid 
used in the dialysis up to the level of the trap D. This is gradually 
displaced by the freshly condensed liquid and falls into flask B, through 
the trap D, in the bend of which it accumulates and thus prevents the 
vapour from the flask B reaching the receiver A. By this means a 
continuous current of fresh liquid can be made to circulate through A. 
A convenient form of dialyser for use with this apparatus is shown 
in Fig.2. This consists of the top and bottom of a large test-tube, both 
with rims (a) and (6), joined together by four solid glass rods (c). Over 
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the-rim (6) an indiarubber band is slipped. A chiffon mantle is slipped 
over this apparatus and secured by ligatures over the rubber band (5) and 
the upper rim (a). By using an indiarabber band over (6) good con- 
tact can be secured over the glass. The whole is then dipped into a 
mixture of equal parts of alcohol and ether, and then into a 10°/, solution 
collodion in the same mixture of solvents. After a few minutes 
immefsion it is removed from the collodion solution, and allowed to 
drain. The film is then hardened by standing in water. It is already 
nearly tight, and the few leaks can be readily filled by washing the 
inside with alcohol, then alcohol and ether, and finally passing in a weak 
solution of collodion (5*/,) and allowing to stand for a short time. The 
film is then hardened again with water. 

The dialysers thus prepared should be kept in water till ready 
for use. 

 Dialysers of 200 c.c. capacity have been generally employed. 
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The contraction of striated muscle. By J. S. MAcpoNALp. 


The typical contraction of striated muscle is due toa series of 
physical processes essentially confined to the material forming the myo- 
fibrils. The stimulus once delivered, the prime factor is a sudden 
change in the material forming the dark bands—the anisotropous 
substance. Electrolytes suddenly make their appearance-in the solution 
within this material, These electrolytes determine at the same moment 
of time a marked rise of osmotic pressure confined to the dark bands, 
and an electrical phenomenon transmitting the stimulus along the 
fibrils and observable upon the outer surface of the muscle-fibre. As a 
consequence of this new creation of alternate regions of high and low 
osmotic pressure there then occurs a movement of water from bright 
band to dark band. The bright bands are sucked dry, the dark bands 
filled to a much increased volume are laterally distended. In this way 
water is transmitted from the long axis to the short axis of the fibre, 
and changes in shape and tension are produced. As the movement of 
water takes place, the relatively high osmotic pressure of the dark 
bands, and also the electrical phenomenon, rapidly decrease. When 
the water within the dark band has attained an equilibrium-volume 
determined by the relative osmotic pressure and by the force limiting 
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lateral distension of the dark band, ¢g. the load upon the muscle, the 
process of contraction is at an end. The new conditions produced, the 
change of form and tension, remain however until a new process, 
relaxation, has determined a flow of water in the return direction— 
from dark band to bright band. 

The contraction-changes can, I believe, be followed in muscle treated 
under different conditions in a solution of cobalt nitrite. The different 
appearances observed are exactly those which have been described as 
the result of impregnation with -gold-chloride following different 
methods of preliminary treatment. It is probable that here also, as 
in the case of nerve, these two reagents are of use by reason of their 
reaction with potassium salts. 

The distribution ‘of potassium salts in muscle, which corresponds 
with Rollett’s “negative” picture of gold chloride staining, and which 
has been described by Macallum as the typical revelation provided by 
treatment with cobalt nitrite, is only found after treatment with the 
latter reagent when the muscle is presented to this in one functional 
state. Muscle which contracts when immersed in the reagent shows 
quite another distribution of potassium. In the myofibrils there is 
little to be seen and certainly no relatively large precipitate in the dark 
bands, the interfibrillar material is however the site of a granular 
precipitate corresponding with Retzius’ description of the distribution 
of gold chloride staining. This is a fact readily demonstrated by an 
examination of frog's or crab’s muscle, which undergo a marked change 
both in form and in tension when so treated. To prevent frog’s muscle 
from contracting and to maintain it in a resting condition in the reagent 
I have found it necessary to introduce the muscle in the frozen condition. _ 
It is easy to show that frozen muscle retains all the potentiality 
of reanimation but yet it fails to yield the result described by 
Macallum. Thus neither resting nor yet contracted muscle give 
evidence of the existence of alternating regions of high and low 
potassium content in the myofibrils. Nevertheless both frog and crab 
muscle can be prepared so as to yield a beautiful illustration of this 
state, measures being taken to ensure that the muscle shall be 
incapable of completing the process of shortening to which it is excited 
on contact with the reagent. This result I have so far found to be best 
produced by a short immersion in solutions of sodium fluoride, an artifice 
which I have also found similarly effectual as a preliminary to treatment 
with solutions of gold chloride. 

With mammalian muscle it is more easy to obtain the Macallum. 
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result, since such muscle soon after the death of the animal frequently 
falls into the required state. 

The interpretation which I have assigned to these facts leaves the 
process of relaxation completely without explanation since the prime 
cause of change is observed to be entirely removed during the 
accomplishment of the first phase of the change of form. In the 
second phase the water must be withdrawn from the dark into the 
bright bands by the action of some new antagonistic force, but there is 
no evidence that the site of action of this force is in the bright band or 
indeed within the myofibril. There is reason too to believe that this 
new process owes its initiation to chemical changes, the onset of which 
is determined by some factor dependent upon the occurrence of the 
first phase. It is probable that the effective factor is the rise of 
temperature, which must follow the resisted distension of the dark 
bands. The adequacy of such an interference with the flow of water 
into the dark bands has been studied by Schenck under conditions, in 
which it may safely be said that the water was suddenly deprived of its 
motion and that heat must necessarily have been liberated. It is 
certain, as a consideration of poikilothermancy in many forms of animal 
life shows, that the heat must cause an acceleration of the chemical 
changes already in progress. It is certain also that the output of new 
material causing this new and differently placed rise of osmotic pressure 
must also be of a different kind from that which determines contraction, 
as is shown by the absence of correlated electrical phenomena It is 
probable that the new rise of osmotic pressure occurs within the 
interfibrillar material as a consequence of hydrolytic processes yielding 
material to which the sarcolemma and also the surface of the aniso- 
tropous material are at first impermeable, which is then removed when 
oxidation produces from this material simpler products capable of 
transmission without the fibre. 

It will be seen that I have arranged the production of heat in two 
categories. Heat produced in the occurrence of a physical process, and 
heat liberated by the final oxidation. Along some such line only is it 
possible to explain the curious threat of an impending divorce between 
capacity for the: performance of work and that for the production of 
heat which characterises fatigue. 
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A method of drawing tubes for the capillary electrometer. 
By Kerra Lucas. | 


Having experienced difficulty in’ drawing capillary tubes of uniform 
dimensions for the Capillary Electrometer I have constructed the 
apparatus shown in the accompanying figure. The object of this 
apparatus is to give independent control of the various dimensions of 
an electrometer tube which influence the rapidity of its working. 


The glass tube A from which the capillary tube is to be made, is 
placed in the V clamps BB and there secured by two rubber bands. 
Its lower end, which has been previously drawn out in a flame until it 
has a diameter of 05 to 1 mm., passes through a small loop of platinum 
wire C, of 1°5 mm. internal diameter, which surrounds it but does not 
touch it. This platinum loop is carried on the ebonite block D, which 
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can be adjusted until the platinum loop is concentric with the glass 
tube, and can then be clamped. The lower end of the glass tube is fixed 
with sealing wax to a block L, carried on a light slide 2 capable of 
movement in a direction accurately parallel to the axis of the glass 
tube. The lower end of the slide F is bent round to form a hook, on 
which rests the heavy lever F. 

_ When the lever F (and with it the slide Z) is in its mepenngen 
position, so that its end is pressed against the upper part of the slot cut 
in the block G, it makes electric contact through two platinum points 
with the spring H. Under these conditions if a battery is joined to 
the binding-screws K and J the platinum wire C is rendered incan- 
descent. This causes a local softening of the glass tube, which is drawn 
out by the weight of the lever F into a fine capillary tube. As soon as 
F begins to move it breaks contact with the spring H, and the platinum 
wire rapidly cools. The movement of the lever F is arrested by the 
lower end of the slot in the block G. It is important that the slide £ 
should not be rigidly connected with the lever F, for if this is done the 
slight rebound of # from the stop by which it is arrested, occurring at 
the moment when the capillary tube is cooling, causes the narrowest 
part of the tube to be curved. 

The various dimensions of the capillary tube are controlled in the 
following ways : 

1. Length. The length of the tube from the shoulder where it 
begins to grow narrower to the narrowest point (where its walls are 
parallel) is determined by the range of movement allowed to the lever 
F in the slot cut in G. 

2. Bore. As long as the range of movement of F remains constant 
the diameter of the tube at its narrowest point is determined by the 
diameter of the tube originally surrounded by the platinum loop. The 
latter can be gauged nearly enough from the external diameter, provided 
that tube of uniform wall-thickness is used. 

8. Rate of change of taper. To obtain a rapid excursion of the 
mercury one needs a tube in which the length from the shoulder to the 
narrowest part is as short as possible, since the friction of a long tube 
causes slowing. The practical limit to this shortness comes when the 
taper of the tube changes so rapidly as not to be approximately constant 
over the range of excursion to which the meniscus is to be subjected. 
The present apparatus produces a peculiarly sharp shoulder at the point 
where the tube begins to grow narrow, owing to the fact that this 
point remains surrounded by the platinum loop which does not 
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immediately cool. In this way one obtains a tube in which the taper 
changes very rapidly in the part which is not used, but sufficiently 
slowly in the part over which the meniscus has to move; and the whole 
length of the tube can consequently be made very small. I find it 
quite practicable to use a tube, narrow enough to require a head of 
30 cm. of mercury, in which the walls become parallel at a distance of 
only 2 mm. from the shoulder. If one ‘vishes to obtain a tube in which 
the rate of change of taper in the working part is, for example, less 
rapid than this, while the narrowest part is of the same size, the range 
of movement of the lever F must first be increased, and the diameter 
of the tube surrounded by the platinum loop must then be made 
greater until the required diameter of the narrowest part is obtained. 


Nernst’s theory of electric excitation applied to the 
excitable substance of the myoneural junction. By Keira 
Lucas. 


In a recent paper Nernst' has shown that for the concentration of 
ions at a semipermeable membrane the relation 


+./t = constant 


(where ¢ is the current-strength of the polarising current and ¢ the 
current-duration) should hold if under otherwise like conditions a given 
difference of ionic concentration is to be produced by currents of 
different duration. In support of his hypothesis that the threshold 
of excitation of an excitable animal tissue is reached when a certain 
difference of ionic concentration is established at a semipermeable 
membrane contained in the tissue, he proceeds to show from the 
previously published experiments of Weiss and Lapicque that the 
above relation holds for the current-duration and current-strength 
required to produce a minimal excitation in muscle or in nerve. I have 
calculated the values of i/t from some experiments which I published 
last year*, in which the relation of current-strength to current-duration 
is given for the excitable substance ‘8’ of the myoneural junction in 


* Nernst. Arch. f. d. ges. Physiol. oxxn. p. 275. 1908. 
* Keith Lucas. This Journal, xxxvi. p. 118. 1907. 
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the toad. There are three experiments in which the range of current- 
strength over which observations were made is wide enough to be of 
any use. The values found in these cases are tabulated below : 


ast = ¢ (arbitrary 
10 sec.) i/t 
Exp.10 
: 80 160 . 
17 148 
(repeatedin 8°5 81 161 
reverse order) 17 108 
Exp. 11 52 59 135 
70 131 
17 136 


In each of the first two experiments the values of t./t show a very 
fair agreement. In Exp. 11 the agreement is extremely good. 

On the other hand Exp. 12 in which the available range is much 
shorter does not show such a good agreement. The values found are : 


i in/t 
Exp. 12 70 1-28 326 
5-2 1-28 292 
8:5 1-40 262 


But in this case the current-strengths 1°23 and 1°28 lie so close to 
1-21, the value found for all durations greater than t=7, that probably 
the first at any rate of the three observations belongs to the range of 
durations over which 7 is constant; and within that range of course the 
formula of Nernst does not apply in any excitable tissue. It appears 
therefore that no great weight should be laid on this experiment. 

Clearly we need observations over a wider range of current-strengths. 
But these experiments do indicate that within certain limits the 
formula of Nernst may be applicable also to the substance 8, and so 
suggest that for this ‘substance’ too the ‘threshold of excitation’ may 
mean simply the establishment at a semipermeable membrane of a 
definite difference of ionic concentration. 
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Protein Nomenclature. 


In the Report on this subject which was published in the Proc. 
Physiol. Soc. (Journ. of Physiol. Vol. xxxtv. pp. xvii—xx, Jan. 27th, 
1907), it was stated that the subject would again be considered by the 
Physiological Society, after the report of a Committee of the American 
Physiological Society, then considering the question, had been received. 
Their report has now been published (Proc. Amer. Physiol. Soc., Amer. 
Journ. of Physiol. Vol. xx1. pp. xxvii—xxx, Jan. 1908, also in Journ. of 
Biol. Chem. Vol. 1v. pp. xlviii—li, 1908). 

This report has been considered by the Protein Nomenclature 
Committee of our Society who have prepared the following report 
thereon, which was considered at a meeting of the Society held on 
May 16, 1908, met with their approval and was ordered for publication 
in their Proceedings. 


1. We note with satisfaction that the American report is in sub- 
stantial agreement with our own, and we trust that the 
recommendations on which there is unanimity, especially the 
adoption of the term Protein as the class name, will be universally 
accepted by English-speaking Physiologists. 


2. It will be advantageous to enumerate the points of difference in 
the two reports, and briefly to state our opinions on the 
American suggestions, 

(a) The term “Albuminoid” is retained for the sub-class named 
Sclero-proteins in the English report. We think that the 
adoption of the new word is preferable to the retention of the 
old one, because the name albuminoid is still largely used by 
Chemists as synonymous with protein. 

(b) The only noteworthy difference in the arrangement of the 
sub-classes is the transference of the phospho-proteins 
(vitellin-caseinogen group) from the simple to the conjugated 
proteins. We adhere to our opinion that our own arrangement 
is better, because the phosphorus-containing group of the 
phospho-proteins is not split off from them as a true prosthetic 
group is, and the cleavage products of this class of protein 
still contain phosphorus. 


4 
« 
73 
| 
j 
of 


SOCIETY, MAY 16,1908. xxxiti 


(c) A minor difference is the substitution of the term haemo- 

| globins for the class called chromo-proteins in the English 
report. We prefer the latter name as having a wider 
significance. 


(d) Five additional sub-classes are introduced at various places. 
These are : 
i. The glutelins, the alkali-soluble proteins of vegetable 
origin. 
ii. The aleohol-soluble proteins found in the vegetable 
world. 

We think the inclusion of these two new classes of 
simple proteins (and especially the latter) is advantageous, 
as it makes the system more complete. We are prepared 
to accept, provisionally, the term glutelin for the proteins 
soluble in alkali, though they are doubtless closely allied to 
the globulins, The term alcohol-soluble proteins strikes us 
as rather cumbrous ; these substances might, as Rosenheim 

has suggested (Proc. Physiol. Soc, 1908, Journ. of Physiol. 
Vol. xxxvi. p. lv, also Science Progress, Vol. 11. p. 696, 1908) 
be termed gliadins; that is, the name of the principal 
member of the group might be extended to serve as a class 
name. 
iii. The lecitho-proteins are added to the classes of conjugated 
proteins. 

As it has not yet been decided whether these are mechani- 
cal mixtures, adsorption compounds, or true chemical com- 
binations, we see no reason for the inclusion of this group. 

iv. The proteans; insoluble products which “ apparently result 
from the incipient action of water, very dilute acids, or 
enzymes.” 

v. CGoagulated Proteins, which result from the action of heat 
or of alcohol. 

Sub-classes iv. and v. are placed among the primary 
protein derivatives; they are of an ill-defined nature, and 
we see no object in singling out for special mention a few 
of the infinite varieties of insoluble modifications which 
proteins exhibit. 

3. We do not think it possible at this stage in the history of Protein 
Chemistry to obtain absolute unanimity on minor points of 
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classification and nomenclature. We therefore do not. consider 
that any useful purpose will be served by further conferences, 
and delays. We have to thank our American confréres for their 
assistance, and are quite content to leave to time and experience 
the small differences of opinion we have noted. The system is 
‘ now complete for practical purposes, and its utility can only be 
a by giving it a fair trial. 


Muscle plasma. (Preliminary communication.) By J. MELLANBY. 


Method of preparation. The wing muscles of a fowl, freed from 
blood, were frozen solid and then finely divided by a mincing machine. 
The small pieces of frozen muscle were ground up with ice and salt— 
the sudium chloride being added in sufficient quantity to form about 
three per cent. of the total weight. Clear muscle plasma was obtained 
from the resultant mass by adequately centrifuging. 


Properties. oe plasma is instantly coagulated by adding a little 
acid (4 cof 5 H,S0, to 6 oe. of muscle plasma), This acid 


coagulation is ps by dilution with water but immediately 
occurs when the salt content of the diluted muscle plasma is 
raised. The coagulum produced by acid is soluble in excess of acid 


(1 cc. of H,SO, to 6 c.c. of-inuscle plasma) ; but this resolution 


is prevented by adding more salt, The coagulum produced by acid 
when thoroughly washed regains its solubility forming a gelatinous 
solution in water. This solution is acidic to litmus paper and is 
reprecipitated on adding small quantities of neutral salts. 

Muscle plasma is not precipitated on dilution with water—it is not 
a globulin. 

After careful precipitation by acid the filtrate i is practically free from 
protein. 

Precipitations of the plasma with equivalent quantities of hydro- 
chloric acid and sulphuric acid at the same temperature give approxi- 
mately the same results. Acetic acid gives similar results to hydrochloric 
acid and sulphuric acid at the initial precipitation, but when added 
in excess it does not redissolve the coagulum at so low.a concentration 
as these acids, 
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An increase of temperature of the muscle. plasma of about 20°C, 
causes the precipitation to start a little earlier and last a little longer 
when increasing quantities of acid are added. 

These observations indicate that there is only one protein in s meede 
and that rigor mortis is due to the coagulation of this protein under 
the combined influences of the salt present in the muscle and the lactic 
acid developed when dying; also that the disappearance of rigor is due 
to the resolution of the coagulated protein by the lactic acid which is 
continually developed. 


On the spontaneous rhythmic movements of the frog’s 
sartorius immersed in saline solutions. (Preliminary communica- 
tion.) By G. R. Minzs. 


Samojloff', describing the experiments of Pheophilaktoff on 
the movements of the frog's sartorius in Biedermann’s fluid, asserts 
that the photographic records show that the movements do not attain 
any great regularity. Measuring his most regular tracings he found in 
a series of 12 contractions that the intervals between them varied in 
the ratio of 1 to 1°64; in another series of 21 contractions the variation 
wag as 1 to 1°91. 

- Both Biedermann’, who first described the movements, and Ringer’ 
(who independently worked at and obtained tracings of them), insisted on 
the rhythmic character often assumed by the contractions. 

My records show in several cases a degree of regularity much greater 
than that fuund by Samojloff. Thus in a series of 21 contractions the 
greatest variation in the period was from 1 to 1045. In another series 
of 23 contractions the variation was from 1 to 1°09. 

The contractions are fibrillar, and it often bappens that fibres in 
different parts of the same muscle exhibit rhythmic movement but with 
unlike periodicities, In a graphic record there is a mechanical summa- 
tion of these movements and a complex curve results, in which some or 
all of the rhythmic components can frequently be recognised by the height 
and form of their contractions. When the components are numerous 
the curve may defy analysis, appearing quite irregular. Fraser Harris‘ 

1 Samojloft, Archiv. f. (Anat,.u.) Phys. 1907, p. 145. . 

2 Biedermann, Sitzungsberichte d. Wien. Akad. uxxxt. m1, Abt. 1880. 


* Ringer, This Journal, vm. p. 291. 1886. 
* Fraser Harris, Proc. Phys. Soc. This Journal, xxxvi. p. xviii. 1907. 
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has found in such an irregular curve that the movements of the lever 
succeed one another at the average rate of 5 per second. The meaning 
of such an average is doubtful, since the irregular tremor is the result 
of the interference or summation of a variable number of rhythmic move- 
ments going on simultaneously but independently in different parts of 
the muscle. 

I have recorded regular rhythmic series of contractions with 
periodicities as low as one in 2 seconds and as high as 13 per second. 

A pure solution of sodium chloride or bromide gives results similar 
to those obtained with Biedermann’s fluid. 
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The te. 0 digest of 
the composition of the urocanic acid of Jaffé. (Preliminary 
Communication.) By A. HUNTER. 


Jaffé' and Siegfried” have described the occasional occurrence in 
dog’s urine of a substance which they call urocunic acid, and to which 
they ascribe the formula C,,H,N,O,..I have recently isolated a 
substance having the same elementary composition and otherwise 
closely resembling this body from a long-continued pancreatic digest of 
casein. 

The casein (in the form of plasmon), 500 grams, was digested for 7 
months with 20 gms. of pankreatin Rhenania, 20 c.c. of ammonia, toluol, 
and chloroform. 

The product was found to contain remarkably small amounts of 
arginin and histidin. But it contained 18 grams of a substance 
precipitable in neutral solution by silver nitrate. This substance when 
purified is obtained in the form of remarkably long, fine, and glistening 
needles, which are very sparingly soluble in cold water, but fairly soluble 
in hot. They melted at 219° (uncorr.) with evolution of gas. (For 
urocanic acid J affé gives 212°—13°, Siegfried 220°—222°.) Elementary 
analysis gave the following results : 


Berichte der deutsch. chem. Ges. vm. 1669 and vim. 811, 
* Zeitschrift f. phys, Chemie, xx1v. 399. 
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02208 gm. gave 04182 gm. CO, and gm. H,O; 01198 gm. 
gave 21°1 cc, nitrogen at 17° ©. and 746 mm.: whence C= 51°67 
H = 445 */,,N =20°5°/,. Calculated for C = 52:13, =438, 
N = 203°,. 

In solubility, crystalline form, melting point, and results of analysis 
the agreement with urocanic acid as described by Siegfried is very 
close indeed. I have found another similarity in the behaviour of the 
substance towards glacial acetic acid. This is the only organic solvent 
in which I found it possible to dissolve it readily; but no sooner is it 
dissolved than it crystallises out again in a thick mass of small white 
néedles, which are soluble in excess of the acid. Siegfried describes 
exactly the same phenomenon as characteristic of urocanic acid. 

The compound (?) thus crystallising from a small amount of acetic 
acid is not an acetate, for on evaporating its solution one recovers the 
original substance unchanged. Its formation however renders doubtful 
the results obtained from an attempt to determine the molecular weight 
of the body by the freezing point method applied to a solution in 
glacial acetic, As far as any weight can be attached to the results 
of this attempt, they point rather to the formula O,H,N,0,, than to 
C,,H,N,O,. Until this point has been settled by other methods, the 
question of the identity of my substance, and that of Jaffé and 
Siegfried, must be left open. 

_ Remarkable is the fact that the substance gives with great brilliancy 
the so-called “diazo-reaction.”. The only decomposition products of 
the proteins which give this are tyrosin and histidin. As the 
substance does not give Millon’s reaction, this reaction would seem 
to indicate that it is a histidin derivative. Further investigation is 
however required to confirm this supposition. If it turns out to be 
correct, then the body probably owes its origin to some secondary ferment 
action, afd not to the action of trypsin. 

_ [hope before long to be able to make more definite statements as 
to the formula and constitution of the substance, and as to its mode of 
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Further observations of the quantity and pressure of carbon 
dioxide in venous blood and in alveolar air in cases of 
diabetes and diabetic coma. By A. P. Bepparp, M. S. 
Pemprey and E. I. Spriaas. 


In previous corhmunications' we published the data from which 
we concluded that it is “probable that the respiratory centre is 
stimulated by other substances than carbon dioxide, and that in coma 
the hyperpnoa, which is marked by the depth of inspiration and 
expiration, reduces the volume of carbon dioxide in the venous blood.” 
The observations have been extended by further determinations of the 
alveolar ait, the gases of the blood, the alkalinity of the serum and the 
relation of the ammonia nitrogen to the total nitrogen in the urine and 
also by experimerits upon the ventilation of the lungs and the effects of 
breathing carbon dioxide and oxygen. It is now possible to coordinate 
the results by a comparison of coma with the conditions observed 
before and after coma. 

The evidence upon which we conclude that the low percentage of 


carbon dioxide in the blood is not due to lack of carrying power owing 


to the diminished alkalinity is as follows. When a tight bandage is 
applied to the arm the venous blood can take up a much larger amount 
of the gas. Thus the carbon dioxide was raised to 61°8 and 43°2 vols, */, 
in two patients, Samples of blood from cases of diabetic coma absorbed 
carbon dioxide when they were exposed at a temperature of 37° to 
atmospheres containing 4 to 6°/, of that gas. Urine frum a case 


of diabetic coma (No, 21) absorbed carbon dioxide from an atmosphere 


containing 7 °/, of that gas and a similar result was obtained with 
normal urine. A diabetic patient (No. 24), whose alveolar air was 
3:19 */, CO, and 1689 */, O, absorbed carbon dioxide when he breathed 
in and out of a bag containing 84°/, O, and 5°7 */,CO,; his alveolar air 
directly after was 4°83 */, CO, and 52°6°/,O,. When the same patient 
breathed in and out of a bag of pure oxygen until his breathing became 
deeper the contents of the bag were 3°95°*/, CO, and 39°5 °/, O,. 

The small content of CO, in the alveolar air can be explained by the 
very deep breathing. Thus when the alveolar air of patient (No. 24) 
was 1°26°/, CO, and 19°83°/,0, the pulmonary ventilation was 9 litres 


1 Lancet, May 16th, 1908, and Proc. Physiol. Soc. Journ. Physiol. yol. xxx1. 1904. 
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Diabetic Coma, 
Date ‘of serum Og x nitrogen Remarks 
17°9 vols. ° 
12. v.04 999 17-09 “59-25%, Milkdiet, Venousblood 
8. ii. 05 1160 19-4 “74 Milk beef tea. Infused with sodium 
bicarbonate. 
4. ii. 06 1260 
11. vi. 06 158 4861908 “84 Milk. 
Diabetes with increasing Acidosis. | 
8. vii. 04 56 184 “74 [4 Diabetic diet and no alkali. 
11. vii. 04 5-4 14-1 “79 ” ” ” 
14. vii. 04 46 158 81 ” ” ” 
19. vii. 04 18°3 by Alveolar air after 
holding breath for 23 secs. = 5°7 °/, CO,, 
110 O,. 
20. vii. 04 4-9 15°83 ‘Diabetic diet and no alkali. 
Recovery from Coma. 
8. ii. 05 116 =: 194 “74 Coma. Infused with sodium bicarbonate. 
4. ii, 06 1°26 19°83 9 ” ” ” 
N ” 
6. 1.06 ” Venous blood 189 vols. %/, OO,. 
7. ii. 06 $21 17°26 Conscious. 
8. i, 05 882 1756 95 15 Venous blood 826 vols. %/, 00,. 
21. ii. 05 319 16°89 78 173 
14. iii, 06 a 462 1531 102 
Diabetic Coma threatening. Venous 
18, vi. 04 30 27 16°8 65 265 blood, tight bandage 43-2 vols. °/, CO, , 
loose bandage 89-9 vols. %/, CO,. 
14, vi. 04 26 17-1 “67 
16. vi. 04 29 179 ‘16 27 
17. vi. 04 246 86178 ‘78 Alveolar air after holding breath for 25 secs. 
=CO, 8°5%,, O.=18-9 
24, vi. 04 4-4 15°5 ‘81 202 
27. vi. 04 3-4 15°44 ‘62 199 Diabetic diet, 65 grms. starch and 42 grms. 
sodium bicarbonate. 
1. vii. 04 846 155 68 18-4 Diabetic diet, 90 grms. starch, 
7. vii. 04 57 13-7 ‘78 +$.1% 6th day of diabetic dict and 56 grms. sodium 
bicarbonate. 
9. vii. 04 4-2 “69 ###48 £Diabetic diet, 50grms.lacyuloseand l4grms. 
sodium bicarbonate. 
4°5 15°4 ‘81 109 6th day of diabetic diet. Alveolar air after 


breath = 57 
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with 19 respirations a minute ; when he breathed a mixture containing 
3°94 °/, CO, and 18°42 °/, oxygen the ventilation was 8 and 10 litres per 
minute with 22 and 20 respirations and a tendency to struggle. The 
same patient three days later. when he was better and his alveolar air 
was 3°21 °/,CO, and 17°26 °/,O, breathed at the rate of 3} litres per 
minute with 18 respirations; breathiug a mixture of 5-92*/,CO, and 
20°1 */, O, doubled the ventilation and produced a feeling of suffocation 
at once and a sample of alveolar air taken at the end of the experiment 
contained 5°48 */, of CO,. 

The results appear to show that with a prolonged and increasing 
acidosis in severe diabetes a point is reached at which the following 
phenomena may be observed :—Increased ventilation of the lungs with 
the result thaf the CO, in the blood and in the alveolar air is decreased, 
notwithstanding that the blood is still capable, in spite of its reduced 
alkalinity, of taking up large quantities of carbon dioxide. 

It is suggested that the following process is taking place in the 
nerve-cells of the medulla: the decreased “ reactivity” of the proto- 
plasm of the cells due to the prolonged acidosis renders their reaction 
more easily disturbed by, and therefore makes them more sensitive to, 
the stimulating influence of any acid body, including carbon dioxide and 
other acids produced during metabolism. = 


of exggen pen By MS Peuazy 
and F. Cook. 


eee observations which we communicated to the Society raised 
the question whether factors other than carbon dioxide did not enter 
into the causation of muscular dyspnea. Oxygen appeared to be a 
factor and it has been investigated in relation to its effects upon man 
during rest and directly after exercise. At rest oxygen appeared to have 
little or no effect upon the volume of gas breathed in a given time; the 
breaking point when the subject breathed a limited quantity of oxygen 
or air in a spirometer appeared to be determined in each case chiefly by 
the percentage of carbon dioxide present. After exercise, however, it 
was much easier for the subject to breathe oxygen than air and with 
oxygen the breaking point occurred when the carbon dioxide had reached 
a higher level. 
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Composition of Mixture in Spirometer at breaking point. 


After exercise : 


The conditions of the experiments were similar as regards the 
amount of exercise and the quantity of gas in the spirometer. The 
subject did not know what was in the spirometer and at rest he could 
not distinguish between air and pure oxygen, but after exercise the 
postponement of distress during breathing enabled him to recognize that 


Subject A. B. 
Subject F. C. 
Subject A. B. 


Subject F. 6. 


Started with air 


6-21 */, CO, 
O, 


5°27 CO, 
76%, O, 
“73 CO, 
11°6 %/, O, 


{ 


64° 


{1199 Oy 
{105 0," 


the spirometer contained oxygen. 


These observations appear to support the old view that the hyper- 
pneea produced by muscular exercise is due in part to products of 


metabolism other than carbon dioxide. 


{300% 0," 
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The action of alcohol upon electrically inexcitable muscle. 
By H. P. Kemp and A. D. WALLER. 


In the course of observations on the effect of alcohol vapour upon 
the sartorius muscle we noticed an effect that appeared to us to be of 
considerable interest in relation to the theory of muscular contraction 
and to be deserving of further study. 

Besides the ordinary effects of alcohol vapour upon the excitability 
of muscle as shown by the mechanical response to induction shocks, 
an alteration of tone is a very conspicuous ie y suitable 
graduation of the strength of vapour or of the length of time during 
which it is allowed to pass, this alteration of tone can be varied at 
will and obtained as a more or less fugitive effect succeeded by 
complete relaxation. It then very closely resembles a true muscular 
contraction. The effect is obtainable on normal contractile muscle, 
and on muscle, which although still alive inasmuch as its electromotive 
response is preserved, is apparently dead inasmuch as its contractility 
in response to induction shucks is completely abolished. It is however 
not completely dead, as proved by the fact that it is still capable of 
giving electrical response to electrical stimulations. 

An actual experiment will best convey our meaning. 


; 
4 
A 
bal 
‘i 
a 
OF THE 


xliv PROCEEDINGS OF THE PHYSIOLOGICAL 


A sartorius muscle is set up in a moist chamber. Its electrical 
excitability is completely exhausted by induction shocks. (This is 
not essential but it simplifies the conditions of further experiments.) 


Fig. 1. Frog—Sartorius; excited by double induction shocks five times per minute. 
Propyl alcohol vapour (c* 200¢,c. 2°/,) is blown into the moist chamber at 1, 2, 3, 4 
and 5. The electrical excitability is abolished at the first insufflation. At 6 chloro- 


form vapour is blown in and produces permanent contracture. (The previous 
application of ether vapour gave no contracture at all.) 


A little alcohol vapour (methyl, ethyl or propyl) is blown in the moist 
chamber. The muscle contracts and subsequently relaxes, After 
complete relaxation has taken place alcohol vapour is again applied, 
and again contraction followed by relaxation is provoked. 

The effect may be reproduced several times provided the vapour be 
not applied in too great excess, and the record obtained closely 
resembles a series of prolonged muscular contractions, of which indeed 
it consists. Each contraction exhibits a latent period, a period of 
ascending energy and a period of descending energy. The magnitude 
and duration of each contraction vary with the amount of alcohol 
vapour applied. If the amount be excessive, the contraction is final, i.e. 
not followed by relaxation. 

The contraction is to all appearance a temporary rigor attributable 
to a coagulation of myosin, and the subsequent relaxation must there- 
fore be regarded as due.to a resolution of coagulum. 

(This view naturally led us to try whether we could produce a 
temporary coagulation by heat; we found that this can be done but 
have not pursued the point.) 

The physiological nature of the contraction is indicated by the 
fact that “ poor” muscle and “stale” muscle, i.e. muscle left in normal 
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saline for 24 to 48 hours, i.e. until its electrical excitability is diminished 
or abolished, may give it very feebly or not at all. 

The effects are obtained with the three alcohols we were investigating 
viz. methyl, ethyl and propyl alcohol. The strengths of vapour at 20° 
were, according to our measurements, 11 °/,, 5 °/,, and 2°/, respectively— 
values that are not far removed from saturation values, which as taken 
from the vapour tensions given in Landolt’s tables for 20° are 12°/,, 
58°, and 2°/, respectively. The volume of air and alcohol vapour 
driven into the muscle chamber was 100 to 500 c.c. The capacity of 
the muscle chamber was 200 c.c. 
| We tested the effects of ether and of chloroform vapours in the 

satve-manner. Both these vapours promptly abolish the electrical 
'* excitability, the’ muscle being relaxed after ether, contracted after 
chloroform. 

The vapour percentages used in these two cases were by observation 
23 °/, for ether and 8°/, for chloroform calculated from vapour tensions 
58°/, and 22°5°/, at 20°. Ether, alcohol and chloroform vapours afford, 
as regards the “contracture” of. electrically inexcitable muscle, a pro- 
gressive series of effects from “least,” to “most,” such that for a given 
concentration and volume we may witness by ether—no effect, by 


Fig. 2. Frog—Sartorius, Simultaneous observation. of the mechanical and electrical 
responses produced by propyl alochol vapour upon an electrically inexcitable muscle. 
d2 
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alcohol—temporary effect, by chloroforin—permanent effect. The order 
of efficacy of the three alcohols we have studied is: propyl, ethyl, 
methyl. 

The percentage of vapour (by volume in air) could not be accurately 
determined in these experiments. It was however far higher in the 
case of ether than in those of alcohol or chloroform. We estimate it 
at 15 to 20°/, for ether as compared with 2°/, for alcohol and for 
chloroform. 

We have taken observations of the electrical changes that might 
be expected to accompany the alcohol contractions just described. 
Simultaneous observation of the muscle and of a galvanometer showed 
that there is a general correspondence between the mechanical and 


the electrical changes such that a current of injury is as a rule 


diminished with each alcohol contraction. The diminution is temporary 
or permanent, small or large according as the contraction itself is 
temporary or permanent, small or large. Occasionally we have 
observed as a first effect a preliminary augmentation of current of 
injury under the influence of alcohol. 

Alcohol in saline solution (at a strength of 5 to 10 per cent.) gives 
temporary contracture of a sartorius muscle immersed in it for a short 
time. 
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The electrical response of muscle in voluntary contraction 
inman. By.F. 


I, Two sponge electrodes, connected with the two terminals of the 

capillary electrometer, were placed the one on the most active part of 
the flewores digitorum of the forearm, the other on the wrist. The 
photographic records exhibited show the movements of the meniscus 
when : 
A. The muscles were thrown into action by the will at a given 
signal, the action being either the strongest possible to the individual at 
the time, or only about two-thirds of that strength. [Meniscus steady 
until he had had time to react to the signal; then a series of quick ad- 
and ab-ostial movements, the first always in such direction as to indicate 
relative negativity at the proximal contact. Great variation in frequency 
(50 to 120 per second), and in maximal velocity of the movements 
with different people and in successive moments in the response of one 
and the same person; not constant for more than a tenth of a second at 
a time with most people, but keeping approximately so sometimes for 
over half a second with two people (out of about twenty), the frequency 
then being 50—60 per second. Maximal velocity of excursions never 
so great in any one individual when full strength not being exerted. ] 

B. The flexors were excited by a series of induction shocks of 
c. 50 per second frequency applied to the median nerve. [Series of 
regularly recurring ad- and ab-ostial movements (of the same frequency’ 
as the stimuli), each with maximal velocity about ten times as great 
as ever occurred during thevoluntary response in the same individual. 
After the first four each separated from the next by an interval of time 
in which there was no difference of potential. ] 
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A dynamometer held in the hand registered 20 to 25 times more in 
case A than in case B. Although more muscles were in play in case A 
than those supplied by the median nerve, there could be no doubt that 
the share contributed by those muscles was greater than was the whole 
effect in case B. The fact that the electromyograms in the two cases 
show a contrast in the inverse direction, seems to make the view unte- 
nable that the normal stimulus is of the nature of a series of instantaneous 
stimuli of the frequency, or frequencies, indicated in the electrical 
response of the muscle. Experiments on frogs render it probable that 
the frequencies observed in the records of the voluntary response in man 
are determined by something inherent in the muscles fibres themselves 
called forth by prolonged stimuli the strength and the duration of 
which can be regulated by the will. Further evidence in favour of 
such a view is given in a paper to be published in the next number of 
the Quart. Journ. Kap. Physiol. It is supported to a certain extent by 
records since obtained, when : 

_. @. A constant current was applied to the median nerve of such 
_ strength as to produce a tonic contraction of the flexors. In the one 
record I have been able to take under these conditions, excursions 
recurring witha frequency of about 50 per second are seen. - This 
experiment was suggested by Dr Waller who has shown that the 
musele sound is the same in the flexors so excited as it is when they 
are contracting voluntarily. 

D. The normal stimulus was modified by putting the subject into 
the hypnotic state. This did not alter the frequencies (and it made 
them no less variable than they were before) in the response of the 
flexors of the one person on whom this experiment has been made. 
The subject was a hospital patient who had been treated by hypnosis 
for certain ailments by Dr McDougall who very kindly gave his services 
on this occasion also. 

Il. The leading-off electrodes were placed the one on the most 
active part of the masseter the other on the angle of the jaw. The jaws 
were clinched at a given signal and the movements of the meniscus 
recorded, The photograph exhibited shows that these recurred through- 
out with a higher frequency than when the contracting arm muscles 


were connected with the electrometer, being at times 170 or 200 per 
second. 


The eapenses incurred hare been defrayed out of the Government grant administered 
by the Royal Society. 
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The physiological effects of (1) primary and secondary 


propyl alcohol, (2) normal primary and tertiary butyl alcohol. 


By ‘H. P. Kemp. 


In the course of an investigation by Dr Waller and myself of the 
action upon animal tissues of the monohydric alcohols,—methyl, ethyl, 
propyl and butyl—I have, at the suggestion of Mr Gardner, made 
comparisons between the normal and secondary propy] alcohols, and also 
between primary and tertiary butyl alcohol. 

The full account of, our experiments will be given on a future 
occasion. At present I am limiting myself to the demonstration of the 
comparative physiological effects upon muscle of :— 

(1) primary and secondary propyl alcohol 
CH, CH, CH, OH and CH,*CHOH:CH,, 
and (2) of normal primary and tertiary butyl alcohol 


CH, CH, CH, CH, OH and CH, 
on, 


8) 


Method. We have used for these experiments the frog’s sartorius 
and have arranged an apparatus which permits of the tissue being 
immersed alternately in normal saline and in the alcohol under exami- 
nation. A constant column of fluid has been adhered to in order to 
ensure @ constant resistance in circuit. The muscle was stimulated by 
double induction shocks at the rate of 12 per minute and the records 
taken on a smoked plate travelling at a rate of 3 to 6 mm. per min. 
A series of normal responses was taken in saline, followed by a series of 
responses in the alcohol to be tested and this, when its effect had 
reached a maximum, was replaced by normal saline, so that each complete 
observation consists of three parts :—(1) a series of normal contractions, 
_ (2) a series of contractions under the influence of alcohol, (3) a series of 
contractions showing the recovery from the action of the alcohol. 

In some cases we used the same muscle for a second trial as in the 
example given, but as a general rule we used a fresh muscle for each 
trial. 

The effect of alcohol is to abolish the electrical excitabili:y of the 
tissue, and if a strong percentage is used to call out the peculiar 
contraction already described. On replacing the alcohol by normal 
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saline a feturn of electrical excitability is obtained together with 
relaxation of the muscle to its normal length. 

In accordance with the results of previous observers I find that in 
equimolecular solutions the methyl, ethyl, propyl and butyl alcohols are 
physiologically active in the order of their molecular weights. 

In comparing normal and iso-propyl alcohol we have found that the 
normal or primary form is more powerful in its effect apon the tissue 
than the iso- or secondary form. 

Mr Gardner states that this relation between the action of the two 
forms of propyl alcohol is in accordance with the rate of their esterifica- 
tion. 

With normal primary and tertiary butyl alcohol at m/9 or 1°/,, the 
normal was again found to be the most active form, and the tertiary the 


"30 


IV 


Fig. 1. Frog. Sartorius. Excited by double induction shocks every 5 seconds. 
Immersed in normal saline from a to I. 


Immersed in normal propyl alcohol m/4 from I to II (1-8 °/, in normal saline). 
Immersed in normal saline from II to IIL 


Immersed in isopropyl aleohol m/4 from III to IV (1-8 °/, in normal saline). 
The excitations are suspended for about 20 seconds at I, II and III while the solution is 
changed. 
least active, the iso-primary and the secondary being of intermediate 
activity. The order of activity of the four butyl! alcohols is 


lst—normal primary, 
2nd—iso-primary, 
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3rd—secondary, 
4th—tertiary. 
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The percentages used were :— 
Propy! alcohol 1°88 °/, (m/4). 
Batyl alcohul 1 °/, (m/9). 


Fig. 2. Frog. Sartorius. Excited by double induction shocks every 5 seconds. 
Immersed in normal saline from a to I. 
Immersed in normal butyl alcohol m/10 (0°9°/, in normal saline) from I to II. 
Immersed in normal saline from II to ITI. 
Immersed in tertiary butyl alcohol m/10 (0°9°/, in normal saline) from ITI to w. 

The excitations are suspended for about 20 seconds at I, II and III while the solution is 
changed. 


Action of salts upon the contractility of isolated muscle. 


A. D. WALLER. 


In first imstance at the Third International Physiological il 
held at Berne in 1895, in the following year in the Croonian Lecture to 
the Royal Society, and in extenso in three papers published in Brain 
during that year’, I formulated the following conclusion to which I 
attached and still attach considerable weight, viz. 

“In the action upon nerves of a salt BA the predominant moiety is 
B (the basic or electropositive ion), e.g. any potassium salt is more 
effective than any sodium salt. The acidic or electronegative ion is of 
subordinate influence.” 

The data upon which this conclusion rested were restricted to the 
electrical response of isolated nerve. The object of the present 
communication is to present analogous data afforded by the mechanical 
response of isolated muscle. 

1 Observations on isolated nerve. Electrical changes @ measure of physico-chemical 
change. Proceed. R. S. (Croonian Lecture). Vol. tix. p. 308. 
On the Influence of Reagents on the Electrical Excitability of Isolated nerve. Brain, 
1896, 1. pp. 48—67; 11. pp. 277—300; m1. pp. 569—587. 
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And I may state at once that as regards the nine possible com- 
binations between Na, K and Am with Cl, Br and I the facts as to 
muscle are confirmatory of the facts as to nerve. Points of difference, 
more especially as regards the action of acids and alkalis, will be dealt 
with in a future communication. 

With regard to the clinical inferences that may be drawn from these 
clear facts, I did not (and do not) go beyond commenting upon the well- 
known facts that potassium iodide and potassium bromide are markedly 
depressant and that in the event of symptoms of depression becoming 
excessive the ordinary practice is to administer sodium in place of 
potassium salts. Whether, in e.g., the case of KBr the sedative effect 
_ has been due to bromine or to potassium ions is a question that belongs 
to the practical physician. 


, DESCRIPTION OF FIGURES. 


Fig. 1. Influence of :— 


Potassium Bromide (Pig. 1); Sodium Bromide (Fig. 2);-and Potassium Chloride 
Fig. 8) upon the contractility of sartorias muscle of Frog. 


Fig. 2. Each record consists of three portions :—/(1) a series of contractions of the muscle 
immersed in normal saline, (2) the modification while the muscle is immersed in a 
decimolecular solution of KBr, NaBr, KCl, the period of immersion being indicated 


Fig. 8. The musele is excited throughout by double induction shocks at intervals of 
5 sees. (except during the short period while the solution is changed). 

Records of the effect of KBr, NaBr, and KCl upon nerve are given in Figs. 14, 15, 

and 16 and in Figs. 18, 19 and 20 of the second paper in Brain referred to in the text. 
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Internal secretion of the suprarenals. Experiments with 
the blood stream from the suprarenal glands of the dog. 
(Preliminary Communication.) By F. A. Youne and J, E. LEnMann. 


Cybulski and Bied! found that the blood of the suprarenal vein 
raised the blood-pressure when injected intravenously. Salvioli and 
Pezzolini showed that the blood from the suprarenal vein acts like 
suprarenal extract but weakly. The blood from the suprarenal vein 
produces much more effect upon the excised eye of the frog than does 
ordinary blood. The watery extract of the dried blood gives distinct 
pressor effects. | 

In our experiments an attempt was made to dam back any secretion 
which the glands may pour into the blood stream and after an interval 
remove the obstruction and allow the accumulated adrenalin to flow 
into the general circulation. A cannula was inserted in the carotid: 
the glands were exposed through an abdominal incision, and a double 
ligature passed beneath the organ on each side; the ligatures were tied 
on each side of the gland above the vein so as to form two pedicles. 
The ligatures were left in place for from 10 to 30 minutes and then 
released and the tracing continued. 

Out of eight experiments, there was no effect on the blood-pressure 
in three, in two there was a slight rise after releasing. the ligatures; in 
the remaining three there was a decided rise of pressure (similar to that 
which follows the injection of the extract) lasting about three minutes. 
In one case the effect was produced twice by tightening the ligatures a 
second time and again releasing them. After tying the ligatures the 
pressure fell but little and very gradually. 

If further experiments should confirm the results of the present 

series, it seems that we have very positive evidence that the pouring of 
the adrenal secretion into the circulation is one of the factors which 
maintains the normal blood-pressure, a view which of course was implied 
in the internal secretion theory of the organs put forward by Oliver 


-- and Schafer at the time of their discovery of the powerful effects of 


suprarenal extracts. 

The experiment here described is a modification of one originally 
' suggested, we believe, by Professor Schafer, but which has to the best 
' of our knowledge not been previously carried out. __ 
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Simplification of Bohr’s method of raising mercury in the 
Tépler pump. By J. Barcrort. 

The mechanism by which this is effected is illustrated by *he 
accompanying figure. 
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a, b. Brass outlet and inlet water mains. 

c,d. Brass inlet and outlet water taps. 

e. Flexible composition metal tubing. 

Jf. Woulff's Bottle of about 700 capacity. 

g. Neck fitted with rubber cork through which passes a 2 mm. glass tube. 

h. Neck fitted with rubber cork through which passes step on Tépler Pump. 

k. Neck fitted with rubber tubing through which passes composition tubing. 

l. Three-way tap by which mercury can be returned from cup n to bottle /, or can 


be withdrawn from Apparatus. 
m. Rubber cork fitted with 
n. Glass cup. 
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Duration of effect of pituitary extract on arterial pressure. 
By P. Lockaart Mummery and W. Leecr Symes. 


The action of pituitary extract in raising blood-pressure, described 
by Oliver and Schafer’, and attributed by Howell? to a constituent of 
the posterior lobe, was noticed by these writers to outlast that of 
adrenin. Howell quotes effects as lasting about 20—30 minutes, on 
the dog. 

We find, on cats with normal blood-pressure, that the effect 
substantially, the duration assigned to it by Howell, for the dog, but 
that on completely pithed cats, it is many times more prolonged. 

Injection prior to pithing, besides preventing the collapse of arterial 
pressure normally incidental to destruction of the vasomotor centres, 
furnishes an arterial tone which is persistent for some hours. 


Ele 
100 - 
* 
150 


60 qe... 
Minulés after pithing 


The four upper curves show a series of readings of mean carotid 
pressure, after pithing, on cats previously injected with pituitary extract 
(posterior lobe) ; whilst the four lower ones give a similar series on cats 
pithed without previous (or subsequent) injection. 

All the animals were fully etherised during the preliminary opera- 
tions, and were pithed, through the orbit, right down to the sacrum. 

In none of them did the mean carotid pressure, after injection, 
reach 160 millimetres of mercury. The sustained arterial tone, produced 
by the injections, was not therefore due to large dosage. 


We desire to express our indebtedness to the British Medical 
Association, for a grant towards the expenses of this work. 


1 This Journal, vol. xvm. 1895. 
* Journal of Experimental Medicine. New York, vol. m1. 1898. 
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An automatic key for obtaining single induction shocks. 
By G. R. Mings, © 


This apparatus was designed for use in experiments where it was 
required to employ single induction shocks at stated intervals for 
periods of several hours. It has the advantage over rotating keys’ 
that it may be operated by the current supplied by a Brodie clock 
in circuit with two large dry cells, exactly like an ordinary electric 


An automatic key for single induction shocks. 


The construction of the key may best be described by reference to 
the figure. It consists of three springs held in position by blocks of 
ebonite. The uppermost of these springs A bears at its extremity 
a piece of soft iron D which is the armature of the electromagnet Z; 
it is perforated by a slot through which the catch K passes, and carries 
the contact screw F. The second spring B has attached to it a piece of 
ebonite G, which insulates the contact button H and also the brass 
piece L; it carries the contact screw. M, below the extremity of which 
is the end of the spring C. All the contacts are of platinum. The 
catch K is filed to the shape depicted. For make shocks the primary 

Se circuit is completed through A and H; B and C short circuit the 
secondary coil. When used for break shocks A and H are connected 
with the secondary wires; B and C are placed in the primary circuit. 

In the latter case the action of the key is as follows : 

When the electromagnet is excited the spring A descends and F 

makes contact with H, short-circuiting the secondary coil of the 


- Cf. Brodie, Proc. Phys. Soc., p. x. 1896. This Journal, xrx. 
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inductorium. Its further descent pushes down the second spring, 
closing the primary circuit by making contact between Mand C. The 
release of the electromagnet allows A to rise, but B is held down by 
the detent N until A has reached the position shown in the figure, 
when it moves aside the catch and releases B. Thus the secondary key 
is opened before the break of the primary. The remaining projections 
on the filed catch prevent the springs from rising too far. 

The key may be worked by hand if desired, and a very constant 
break obtained. The actual length of the base-board is fifteen 
centimetres. 

The key was made for me by Mr F. E. Thomas, of Malcolm Street, 
Cambridge, and to him several details in the design are due. 


On the presence of cholesterol in the Coelenterata. By 
CHARLES Dor&E. 


(From the Physiological Laboratory, University of London.) 


From investigations which have been carried out on the chemical 
nature of killed animal protoplasm it would appear that cholesterol is as 
constant a constituent of this as are the various cell proteins. A large 
number of experiments' have shown that killed vegetable protoplasm 
contains various isomeric bodies, the phytosterols, but never cholesterol 
itself. As all the data upon which the above generalization with regard 
to cholesterol is based, have been obtained by the examination of the 
tissues of the higher animals, it seemed of interest to ascertain whether 
cholesterol was as widely distributed in the animals at the other end of 
the scale. In 1904 M. Henze* showed that the sponge Suberites 
domunculus contained a body which he called Spongosterol, similar to 
cholesterol, but differing from it in its formula C, H, 0, and melting 
point, 119°—120°C. In this animal therefore cholesterol would seem to 
be absent, and to throw some further light on the subject I carried out 
some experiments with the Coelenterata. Two species of sea anemone, 
Actinia equina and Tealia crassicornis, were obtained from the Marine 
Biological Laboratory at Plymouth; ground up with sand and dried. The 
mass was extracted with ether for a week in a large Soxhlet-apparatus 
and the ether solution obtained was saponified with sodium ethylate 


1 For references see Hauth, Zur Kenntnis der Phytosterine, Freiburg i. B. 1907. 
® Zeit. physiol. Ch. 1904, x11. 109. Also ibid. 1908, iy. 427. 
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according to the method of Kossel and Obermiiller. A considerable 
quantity of a red slimy soap was precipitated which was filtered off and 
washed with ether. The filtrate was shaken with water to remove 
soap and the ethereal layer separated off and dried over calcium 
chloride. On evaporating off the ether a dark red mass remained, 
which after being dissolved in alcohol was readily decolourised with 
animal charcoal. The solution on cooling deposited a considerable 
quantity of crystals which on examination proved to be pure cholesterol. 
On recrystallization from 90°/, alcohol it separated in the well-known 
crystal form. It melted at 145° and in chloroform solution gave a rota- 
tion [a]? = — 36°, and in acetic ester a rotation [a}} = — 26°, valuea 
which agrees with that recently given by Diels and Linn. The 
benzoate was prepared by the pyridine method described by Dorée and 
Gardner*. It crystallized from alcohol in the typical quadratic plates. 
It melted at 145°C. to a turbid liquid which suddenly became clear 
at 175° C. and on cooling showed the characteristic colours of cholesterol 
benzoate. The acetate prepared in the usual way melted at 114°C. 
and showed opalescent colours on cooling. The mother liquors, after the 
separation of the bulk of the cholesterol, were carefully examined, but 
no other crystalline substance besides cholesterol was obtained from 
them. 

The cholesterol of the seu anemone is therefore identical i in every 
respect with that obtained from the higher animals. 


A method of testing hue perception. By F. W. Epringe- 
GREEN. (Introduced by- A. D. WALLER.) 


If a sufficiently small portion of a spectrum be isolated, by means of 
a window in an opaque shutter, placed between the prism and the eye, 
this portion will appear monochromatic. 

The width of the broadest patch which appears monochromatic, 
depends on the region of the spectrum which is being observed, on its 
brightness, and on the colour sense of the observer. 


Influence of region of spectrum. 
For a given (not dichromic) observer and spectrum, the widest of 
such patches occur at the ends of the visible spectrum, whilst the 
narrowest are found in the yellow and blue regions. 


1 Ber. xut. p. 266, 1908. 
® Proc. Royal Soc. 1908, Series B, Vol. uxxx. p. 228. 
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Influence of brightness of spectrum. 
Such patches are larger when the illumination of the entire spectrum 
is diminished. 


Influence of colour sense of observer. 


Such patches are smallest in those whose hue perception is most 
acute, as gauged by their power of matching and remembering small 
differences in hue. 

Otherwise stated, those whose perception of hue is most acute, will 
recognise the greatest number of such patches in a given spectrum. 
Hence the number of such patches recognised by a person, in a given 
spectrum, is a convenient test of the acuity of his colour (hue) sense. 

The hexachromic (“normal”) person sees about 18 such patches in 
a sufficiently bright spectrum. Those with exceptionally acute colour 
sense may recognise up to as many as twenty-nine. 

Pentachromiecs see about 15, tetrachromics about 12, and trichromics 
(3 cases examined) ten. 

Dichromics see from 8 to 3, and their colour perception is corre- 
spondingly limited. 


' Application of the method as a test for hue perception. 

The extent of the subject’s visible spectrum is first ascertained by 
gradually obliterating all visible to him. Then he is made to open the 
window from the violet end, towards the red, until he sees a difference 
of hue in the two sides of the field, after which he closes it towards the 
violet, until the patch appears monochromatic. He has thus shown 
the boundary, on the red side, of his first. monochromatic patch. He 
starts afresh from this boundary working red-wards and so indicates 
his second and successive patches counting from the violet. 

The following is a table of “monochromatic” patches yielded by a 
normal individual, showing the difference in wave-length between the 
margins, t.¢. the width, of each patch : 
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A new model of Buckmaster’s Coagulometer. By F. L. 
GOLLA. 


This modification of the coagulometer described by G. A. Buckmaster 
at a meeting of the Physiological Society a year ago, possesses advan- 
tages of which the following may be mentioned. 

It is so made that one movement is sufficient to introduce the loop 
and give all the necessary rotations. This is enabled by the addition 
of a turn-table which permits of free movement without any possible 
shaking of the film. It can be used on the stage of a microscope 
magnifying about 10 to 20 diameters, and lends itself readily to 
projection by a lantern. 

The shape of the loop is an ellipse; the thickness of wire 
and size of loop enable an approximately constant quantity of blood 
to be picked up, which is larger than in Buckmaster’s original model. 

The coagulation time, at constant temperature, is constant for a 
given loop. The loop which experiment has shown to be most 
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convenient, is made of platinum wire of diameter ‘4 mm., the ellipse 
being 8 mm. in length and 2°5 mm. in breadth. Such a loop passed 
over the surface of a drop of blood picks up a film of approximately 
7 mgm. weight. 

A series of readings, with this loop, at 39°C. gave 187 seconds as 
the average coagulation time of normal blood, the extreme readings 
being 180 and 190 seconds with a mean variation of 3 seconds. 

The error of the instrument averages 5 seconds, but all obser- 
vations must be conducted in a uniform manner, 1.¢. after 2 minutes in 
horizontal position, the rotation into position at right angles should 
be made once every 3 seconds until the end point is reached and the 
film no longer shows any sudden spacing. 

In normal blood there was not found to be any appreciable diurnal 
variation in the coagulation time; neither is this altered after fasting 
for 20 to 24 hours, The internal administration of citrate of soda was 
without any obvious effect upon the coagulation time. Calcium salts 
also had no effect. 

In cases of jaundice with pigment in the urine the coagulation time 
was markedly prolonged, in one case by an excess of 20 and in another 
by 30 minutes below the normal. This is probably due to an alteration 
of thie surface tension in the film of blood. In one case of undoubted 
congenital hemophilia the coagulation rate was identical with that of 
normal blood. The same was true for a case of purpura hemorrhagica, 
and for two cases of urticaria. 
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The A.C.E. mixture as an anesthetic. By B, J. CoLtinewoop 
and R, G. SPARKES. 


“The A.c.E. mixture, which consists of absolute alcohol 1 vol., 
chloroform 2 vols., and pure ether 3 vols.......is said to be safer than 
chloroform. All its three constituents volatilise from it at an equal rate” 
Materia Medica by Hale White M.D. 1907). . 

The estimations we have made lead to an opposite conclusion. As 
the vaporisation of such a mixture proceeds we find : 

(1) That the relative amount of ether given off is constantly 
decreasing. 

(2) That the relative amount of alcohol given off is constantly 
decreasing. 

(3) That the relative amount of chloroform given off is constantly 


increasing. 
An anesthetic mixture which exhibits such properties is open to 

very serious objections. Not only is the vapour given off inconstant in 

composition, but in addition its toxicity progressively increases. 


Method adopted. 


An A.C.E. mixture of the above composition was vaporised until only 
two-thirds of its original volume remained. An estimate was then 
made of the relative amounts of its constituents. The remainder was 
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then further vaporised to half its volume (equivalent to vaporisation of 
original mixture to one-third of its volume). An estimate was then 
made of its constituents. 

The estimates were made as follows: 

(1) The alcohol. A definite volume of the mixture was placed in a 
measuring glass. Water, previously saturated with chloroform and 
ether, was added. The flask was corked, shaken, and allowed to stand 
for some hours, The diminution in volume of the mixture was then 
noted, i.e, the drop in the line of junction between the water and the 


mixture. We had previously determined that this method gave a very | 


accurate reading of the alcohol content of A.c.£. mixtures of known 
composition. 

(2) The chloroform and ether. These were estimated indirectly 
from the following data : 


(a) The alcohol content (estimated as above). — 
(6) The sp, gr. of the mixture. 
(c) The sp. gr. of the alcohol, chloroform and ether used. 


The relative amounts of the constituents vaporised was calculated 
from the above estimates with the following result : 


Vapour mixture during Vapour mixture daring 
first period | second period 
Ether 60°9 44°7 
Aleohol 199 
Chloroform 19°2 


Anesthesia with known percentages of chloroform 
vapour. By N,. H. Atcock and J. BLUMFELD. 


We have applied Waller's method of producing chloroform 
anzsthesia, i.e. the plenum system with known percentage of chloroform 
vapour, to the human subject and this preliminary communication deals 
with 25 cases anwsthetised in the theatre of St Mary’s. Hospital. While 
the number of cases is too small to permit us to make a final statement 
as to the comparative safety of the method, yet, certain very definite facts 
have been made out concerning the phenomena of anzsthesia in man. 

In this series of experiments account has been taken only of the 
percentages in ‘the inspired air, as this is the first point that — to 
be determined from the practical side. 
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| We have endeavoured to obtain anesthesia in as rapid a manner as 
was consistent with safety, being guided in this by the work of Waller’, 
Brodie and Widdows’ and Buckmaster and Gardiner’. 

The average time of induction of anesthesia was 8} minutes, the 
minimum being 6 minutes and the maximum 124 minutes. 

The following points were noted : 

: (1) In the majority of what may be termed “ordinary” cases 
| a percentage of chloroform vapour gradually rising to 24°/, has been 
required for the induction of anzsthesia (middle curve). 

(2) This percentage is departed from in both directions, some 
cases requiring less (lower curve), some more (higher curve), the 
latter especially in fat alcoholic persons. 

(3) When anesthesia is at all prolonged (more than about an hour) 
very small quantities of chloroform are required, usually less than 0°5 °/,. 
At the same time the percentage has had to be widely varied in 
accordance with the nature of the operator's action from one moment 
to another. 

(4) Anzsthesia is more even and regular in the course of a long 
operation than with the open method. This regularity depends on the 
greater ease with which a uniform dosage is supplied than is the case 
with drop bottle methods however skilfully exercised. The apparatus 
used was that devised by one of us (N. H. A.) and described in the 
Brit. Med. Journ. Aug. 15, 1908. 


Ordinates are percentages of CHCl,. Absciss@ time in minutes. 
A. Smooth line—ordinary case. 
B. Broken line—case taking little CHCl, (Appendicitis). 
C. Dotted line— case taking much CHOI, (Appendicitis). 
The arrow shows the attainment of surgical anmsthesia. 


1 Science Progress, Vol. 1. p. 610; Lancet, Nov. 28, 1903. 
® Brit. Med. Journal, June, 1906. 
| ® Proc. Roy. Soc. B, Vol. 78, p. 414; Vol. 79, p. 555, and p. 579. 
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The Influence of Exercise upon the Pulse and Blood- 


Pressure. By M. S. Pemprey and A. H. Topp. 


It is well known that training enables the heart to adapt itself to the 
needs of muscular work and that a good “ wind” depends upon a sound 
heart. Pronounced hyperpnoea can: be produced within half a minute 
by running down and up stairs ; this form of exercise was employed for 
a comparison of the effects produced upon the pulse and blood-pressure 
of men in training and out of training. The following table of results 
relates to two men who performed the same amount of exercise under 


similar conditions. 


A. B. (trained) A. H. T. (untrained) 

Sept Just after Smins. Just after mins. 
Rest exercise later Rest exercise later 
4 B.-P.mm. Hg.: 110 184 118 104 184 108 
Pulse}min.; 18 28 14 18 27 24 
7 122 184 126 110 140 106 
16 29 17 23 80 26 
8 | 106 126 98 
17 —_ 17 21 32 22 
9 182 152 182 108 126 110 
18 32 14 21 26 24 
10 126 142 130 116 148 108 
14 81 18 20 36 21 
11 116 136 129 122 148 116 
16 338 16 17 38 25 
12 117 122 116 106 140 106 
14 80 14 21 40 27 
14 111 140 115 110 128 108 
18 idee 16 21 35 25 
15 112 128 116 104 1386 106 
16 84 17 17 34 23 
16 112 182 118 108 139 106 
15 34 16 17 84 22 
17 116 128 118 100 122 106 
15 32 18 19 40 25 
18 116 126 117 100 128 108 
17 27 18 19 87 23 
19 106 (?) 112 110 108 182 114 
18 80 18 21 40 24 
108 114 110 106 136 106 
15 26 15 17 38 23 
110 140 118 102 118 100 
12 B84 17 19 37 21 
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In the well trained man the pulse rate was doubled by the effects 
of exercise but rapidly returned to its normal rate during rest; in the 
untrained man the increase in the rate was less and the recovery was 
delayed. The blood-pressure showed in the former a smaller rise , 
and a more rapid recovery than in the case of the untrained man, 
whose blood-pressure often fell below the normal after five minutes 
rest, 

In the trained man the fall in the rate of the pulse occurred so 
rapidly that it was necessary to observe it in periods of 15 seconds ; 
within a minute the pulse would decrease from 26 to 17 and this decline 
was not uniform, for beats appeared to be dropped out. Auscultation 
showed the same condition. : 

After exercise of longer duration, running from a quarter of a mile 
to ten miles, the rapidity of the decline in the pulse rate during rest was 
slower, but it was always greater in the trained than in the untrained 
man. 

Observations upon “‘Second Wind.”’ By M.S. Pemprey and 
F. Cook. 


Vigorous muscular exercise, such as running, produces dyspnoea 
after about a quarter of a mile has been accomplished, but if the pace 
be maintained in spite of the panting respiration the difficulty disap- 
pears, sometimes gradually, sometimes abruptly; the runner has now 
“got his second wind” and can continue running with comparative 
comfort. The causes of this accommodation need explanation. 

A few observations' made by one of us in conjunction with 
C. A. Reynolds seemed to show that the dyspnoea in these cases 
was partly cardiac, for there was a less frequent and more regular 
contraction of the heart after the advent of “second wind.” 

The introduction by Haldane of a simple method of determining 
the composition of alveolar air afforded another means of investigation 
and experiments were made with the help of J. L. Rankine and 
M. Earle. These results which were communicated to a meeting of 
this Society (Dec. 12th, 1903) showed that the dyspnoea due to vigorous 
muscular work was accompanied-in some cases by a rise, in others by a 
fall in the percentage of carbon dioxide in the alveolar air; the 
respiratory quotient was generally raised and was sometimes greater 
than unity. 

1 Teat-book of Physiology. Edited by BE, A. Schifer. Vol. 1. p. 747. 1898. 
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Further observations were made upon a greater number of men and 
similar results were obtained. It has been found necessary to make a 
series of comparative experiments with especial reference to the condi- 
tion before and after the advent of ‘‘second wind.” The following table 
gives examples of the chief results. 

During vigorous muscular work the respiratory quotient rises at first 
and then falls ; it appears to be bighest when there is distress. 


Subject Oo, Pulse 
M. 8. P. 511 19 {x 4) At rest. 
(21. ix. 08) 555 1549 190 After's laps mile). 
Panting. Pulse irregular. 


550 641539 85 After 18 further laps. 
Second wind at 10th. Pulse more 


31 regular, Sweating. 
M. 8. P. 5°18 19 (x 4) At rest. 
6 | 12 
(22. ix. 5°7 15°19 After 6 laps. 
Panting. Pulse irregular. 
5-21 15°09 1°07 84 After 12 further laps. , 
Second wind. Pulse more regular. 
Sweating. 
J. H.R. 527 «61432 At rest, 
(6.x. '08) 736 1408 1°06 After 6 laps. 
591 1462 £093 After 8 further laps. Feeling more 
comfortable. Second wind, Sweating. 
A. B. 604 1448 O98 19(x4) At rest, 
(16. ix.’08) 813 1817 1°04 
33 
80 After 8 laps. 
80 


739 «128 0-90 
36 After 19 further laps. Second wind at 


84 16th. Sweating. 
30 
577 1612 0°98 18 (x 4) At rest. 
7°78 18°27 1-00 After ll laps. Panting. 
702 13:19. 095 16 further laps; second wind had 
appeared. Sweating. 
582 1488 £095 At rest. 
748 #861890 105 After 8 laps. 
6938 1865 0°96 After 22 laps. 
602 14°68 0°96 At rest, 
618 18°79 0°86 After 64 laps. 


A. B. 
(7. ix. 
A. B. 
(8. xii. 07) 
A. B. 
(22. xi. 
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A note on colour fatigue. By B. J. CoLtinewoop and 
R. F. WILKINSON. 


We find that an eye which has been exposed to a mixture of 
spectral red and green exhibits a marked fatigue to a mixture of 
spectral yellow and blue. 

On the hypothesis of Hering this fatigue could be explained by the 
breaking down of a white-black substance in both instances, Our 
observations, however, show that the mixtures of spectral red and green 
do not produce a sensation of white but of yellow. We are, therefore, 
inclined to attribute the fatigue to the common factor of a sensation of 
yellow in both colour mixtures. 

It appears probable that the sensation of white, in so far as it is 
a compound colour sensation, is ultimately a compound of the sensations 
of blue and yellow. Such a view is in accordance with the theory 
of Franklin’. 


Method adopted. 

The spectrum from a Nernst lamp was projected on to a white 
surface, and mirrors were so arranged as to throw the red rays on to 
the green and the yellow rays on to the blue. It was found: 

(1) That the red-green mixture produced a very definite yellow 
sensation. 

(2) That an eye which had been exposed for two minutes to the 
red-green mixture showed a marked fatigue to the yellow-blue mixture, 


Observations upon the Respiration of Man when breathing 
air or oxygen. By E. G. ScHLESINGER and M. 8. PEMBREY. 


For the purpose of other investigations upon the influence of oxygen 
on dyspnoea due to muscular exercise or disease, data were required 
upon the normal pulmonary ventilation of men at rest, The following 
table gives the results for 16 subjects, all medical students with two ex- 
ceptions, and shows that the breathing of pure oxygen has little or no 
effect. The subjects did not know when they were breathing oxygen. 


1 Zeitschrift f. Psychologie und Phys. d. Sinnesorgane, iv, 1892, 
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The comparative effect upon striped muscle of alcohol, 
ether and chloroform. By A. D. WALLER. 


Several years ago, in the course of a prolonged investigation of the 
action of various reagents upon isolated nerve, I studied (and demon- 
strated to the Society’) the comparative effects upon nerve of ether 
and chloroform. I then estimated that chloroform vapour as regards 
its action upon nerve is physiologically 8 to 10 times as powerful as ether 
vapour, but made no attempt to establish any quantitative comparisons 
as regards alcohol vapour. 

The present communication gives the results of a careful comparison 
of the physiological effectiveness of alcohol, chloroform and ether in 
solution upon isolated muscle. The solutions were made up.in tap- 
water saline, 0°6°/,, on a molecular scale, viz. 


Ethyl Alcohol 58c.c. per 100=1 M «solution. 
Ether 10 cc, per 100=01 M solution. 
Chloroform 0°8 c.c. per 1000 = 0°01 M solution. 


These strengths, viz. molecular of alcohol, decimolecular of ether and 
centimolecular of chloroform; happen in point of fact to be very nearly 
“ physiologically equivalent.” 

Comparisons were systematically made (1) between alcohol and 
chloroform, (2) between alcohol and ‘ether, and (3) between ether and 
chloroform by means of the double railway myograph, and two sartorius 
muscles set up as demonstrated at the last meeting of the Society. 

The method is very convenient and exact, affording as it does a 
series of systematic records of (1) the simultaneous effects of a pair of 
solutions upon a pair of muscles; and (2) the successive effects of the 
same pair of solutions upon the same pair of muscles in reversed order 
of application. 

Its results will be best illustrated by two examples given in eatenso, 
the first (Aug. 25) of an experiment in which it was considered that 
a physiological equality of action had not been obtained, the second 
(Aug. 26) in which such equality had been as nearly as a secured 
at the strengths taken. 


1 “ Action of Anwsthetics upon isolated nerve,” Proc. Physiol. Soc., November, am, 
Also in Lectures on Animal Electricity, 1897, Longmans, Green & Co. 
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Fig. 1, Aug. 25, 1908, Simultaneous record of Right and Left Sartorius muscles. 
Effects of Atconon, 1 mol. solution, and of Cutorororm, 0-009 mol. solution. 
Temp. = 20°. 


_ It will have been seen from these two examples that the principal 
indication made use of is the rate at which the contraction of the 
immersed muscle has been diminished and abolished. Another 
indication of value is afforded in certain instances by the rate of 
recovery when the intoxicant solution is replaced by normal saline. 
Examples of these two points are afforded by the following 
numbers 
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Time of Time of 
Date Solution ot of 
Aug. 21 Ether 0°10 M. 15 minutes immediate 
0-15 5 immediate 
” 0°20 2 ” 2 mins. 
Aug. 20 Chloroform 0-1 °/, by vol. O's 2 mins. 
0°05 ” ll immediate 
Oct. 1 Alcohol 1 M. 5 and 5 mins. 1 and 1 min. 
2M. 2and2 ,, 11 and 11 mins 


Time of immersion per se apart from strength, influences the time — 
of reappearance of contraction, e.g. in an experiment ad hoc, where the 
first sign of reappearing contraction was taken by stop-watch after 
immersion in a 1 m, (= 5°8 cc. per 100) solution of alcohol for 5, 10 and 
20 minutes the times of reappearance were 30, 50 and 75 seconds 
respectively. 

Considerable alterations of temperature markedly influence the rate 
of intoxication (and of recovery) by alcohol, ether and chloroform. The 
velocity of reaction between drug and muscle, as shown by the rate at 
which contraction is abolished, is between 2 and 3 times as great at 
30° as at 20°, e.g. 


Time of abolition 
Date Solution Temperature of contraction 
Aug. 18 Alcohol 5 °/, 19° 7 mins, 
Do. 80° 24 mins, 
Aug. 25 Chloroform 0°02 M. 19° 2 and 2} mins, 
(0°16 c.c, per 100) 28° ,, 
Aug. ,27 Ether 0°15 M. 20° 4and44 ,, 
per 100) 28° 14 and 14 ,, 


The general conclusion of the present series of experiments on the 
relative anesthetic power of alcohol, ether and chloroform is given in 
the following table :— 


Physiological equivalence Physiological effectiveness 
‘By molecules § By weight By volume Sy molecules By weight By volume 
Alcohol 1-00 1-000 1-000 1-0 10 10 
Ether 0-12 0-198 0-213 8°3 52 47 
Chloroform 0-01 0-026 0-014 100-0 73°0 


Note.—I find that approximately equal effects are obtained with alcohol 2 M., 
ether 0°2 M., and chloroform 002 M. I also find that the effect of a mixture composed 
of equal volumes of chloroform solution at 0-16 .c. per 100 and of ether at 2°5 c.c. per 100 
is practically identical with that of the chloroform alone and of ether alone. This signifies 
that the anesthetic actions of the two reagents are simply additive. 
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Fig. 2. Aug. 26,1908. Simultaneous record of the effects of Cutonororm, 0-01 mol. 
and of Eruer, 0-12 mol, on two sartorius muscles, 
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Observations on the Deep and Surface Temperature of 
Man. By A. S. Morton Patmer, M.A., M.B., B.C. 


There is a need at the present time for further observations on 
human temperature, a subject usually neglected and left to the care 
of the nursing staff. Moreover, many observations that have been 
made are unreliable, especially those that have been taken in the 
mouth. These are especially fallacious in cases of heart failure, as 
shown by the following observations on six cases whose ward charts 
showed a mouth temperature regularly subnormal. 


1. Failing heart 617° 996° 97-0° 950° 108 32 
44 

2. Failing heart, mitral disease 59°0 983 97°6 92°83’ to 5a} 20 5 p.m. 8/4/08. 

” 681 978 959 928 44 20 Ila.m. 9/4/08. 
8. Aortic regurgitation 653 982 956 982 96 44 6.15 p.m. 4/5/08. 
— 83 950 946 186 36 

below 

5. Mitral regurgitation 658 994 950 989 68 28 8.80 p.m. 17/8/08. 
6. Aortic aneurysm 545 990 «980 p.m. 27/4/08. 


All were grave cases presenting various degrees of orthopnea and 
dyspnoea, the pulse of Nos. 2 and 4 being particularly bad. The 
internal temperature of these cases, though sometimes slightly under 
the normal as in case 2, appears never to sink to the level accredited to 
them on the strength of the oral readings, which in cases 4 and 5 were 
at much the same level as those of the skin. 

The following observations were made on three new-born infants, 
Their rectal and surface temperatures were taken immediately after 
birth, simultaneously with those of the mother, and contrasted with 
later temperatures before and after a warm bath. 


Rectum Rectum Surface 
ofinfant ofmother of ofmother Air 
1. 8 months child. At birth. 9.45 p.m. .. 101-4 968° 60° 
10.45 p.m. 98-0 92°3 — 689 
11 p.m. after 24 mins. bath at 105°8° . 96°0 95°3 
Next morning, 11 a.m. 99°4 95-0 — . 644 
2, (Taken by nurse). At birth. 10 a.m. . 99-4 98 896 860 644 
After birth at 100° F. 98-0 


8, Mother 16 years old. Infant at birth. 
2 a.m. 21/5/08 99°6 94 08 99 72° 
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In all these the temperature of the child when delivered was higher 
than that of the mother. The effect of the hot bath in cases 1 and 2 
was to raise the surface and lower the internal temperature. 

The next table relates to observations on typical cases of lobar 
pneumonia. 


Rectum Surface Mouth Air Pulse Resp. 
1, 4 yrs, old. 4.45 p.m. May 90, 


at height of 108°6° 989° — 604° 112 48 
At crisis, May Bist, 
akin 92 93 — 681 84 
2. 18yre. 4p.m. 105 «2986 84 
8.80 p.m. 5/4/08 .. 106 1004 1044 581 104 40 a 
False crisis 6 a.m. 7/4/08, 
(skin dry)... 1002 946 994 6599 72 82 
12.45 p.m. 1024 980 1024 581 96 82 a 
7 a.m. "16/4/08, when well .. 98 923 . 974 590 64 2 
6.16 7 Axilla! 
day 1052 1000 — 611 112 44 1086 
4.85 pam. 8/4/08 .. . 1046 1000 — 617 108 36 108% : 
9/4/08 10168 971 — 617 82 1004. 
11 a.m. 24 bs. after 
crisis 94 81 — 89 7 82 
4. 4.15 pm. 6/4/08 1082 986 1080 599 112 84 


In the first case the excess of the rectal temperature at the height 
of the fever over the rectal temperature after the crisis was 4°6°, while 
* the similar excess of skin temperature was 4'8°. Therefore the skin 
rose +0°2° relatively more than the rectum. In the second case the 
excess of rectal temperature at the height of the fever over the same 
after the crisis was 7°0°, while the excess of surface temperature was 
81°, the skin thus rising 1°1° relatively more than the rectum. The 
skin in all these cases felt hot and dry and in No. 1 did not show 
sweating at the crisis. 
In atypical pneumonias different results were obtained. Thus a 
grave case of lobar pneumonia in a man of 72 suffering from glycosuria 


presented the following chart : ) 

Rectum Surface Air Pulse Resp. 
10 a.m, 18/8/08. Ist day of illness 99° a “ 116 26 
10 p-m. ” ” ” 102 96°4 68°0 132 30 
10 p.m. 15th ab 99 96°4. 132 28 
1 a.m. 17th 100°4 96°3 67°1 128 20 A 


He recovered unexpectedly. ‘ 
1 The axillary was taken instead of the mouth owing to nasal obstruction. . 
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An alcoholic case, who died the following day, gave these readings : 


A. 
“1 Left side 2 Right side 8 Left side 
Rectum Mouth ofabdomen of of thorax Air Pulse Resp 


- Thus the rectal temperature fose some 5° above normal, the skin 
only 
In typhoid fever different conditions prevail. Thus 


Rectum Mouth Air Pulse Resp. 


1. 11.80 a.m. 12/4/08 101-6° 
6.20 p.m, 18/4/08 102°8 102°6 547 88 


Another, a severe case with meningeal symptoms, gave on 31/7/08 
at 9 p.m. rectal temperature 106°0°, surface 98°6°. In the first case 
the rectal temperature was some 3°0° above the normal, the skin 2°7° ; 
in the second the rectal excess was about 6°4°, the skin only 41°. 

I have taken temperatures of three cases of measles, which all show 
relatively lower skin temperatures. 


Rectum Surface Air Pulse Resp. 
1, 4 yre. Ist day of rash, 9 p.m. 103-6° 144 82 
1,25 p.m. 13/5/08 ne 103°6 96°4 62°6 148 36 
9 p.m. 14/5/08 ies 99°8 91-0 — 116 36 
2. 2yrs. Ist dayofrash, 2.0 104°8 97'1 64:4 168 36 
9 p.m. 14/5/08 96°4 91-4 62°2 80 28 
8. Sh yrs. lst dayof rash, 9.30 p.m. 103-8 96°8 65°3 120 24 


The first taken skin temperature in No. 1 may owe its rather high 
level to the fact that a warm bath had just been given. 

The most striking instance of lowered skin temperature is seen in a 
case of suppurating abdominal growth during a rigor. 


Rectum Mouth Surface 
10.15 p.m. 26/8/08 ... 1038 °2° 102°8° 97°7° 
2.30 p.m. 26th 108 102°5 100°4 
6.40 p.m. 27th, during rigor ... 104°2 101°4 86°7 
7.15 p.m., 20 mins. after rigor ... 105°4 101°8 87°4 
8.30 p.m. 28th bbe 101°4 100°6 98°0 


Of pernicious anemia I have a chart recording a rectal temperature 
105°6° and surface temperature 99°5°, in secondary syphilis a rectal 
temperature 101°6°, surface 95°0°. 
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The effect of chloroform and ether I have studied in four cases where 


anzsthesia lasted one hour or longer. In all cases the rectal tempera- | 


ture fell from 0°7° to 2°2°, while the surface rose from 0°8° to 3°6°, in 
fact proportionately more. The intra-spinal injection of novocaine in a 
case of “ perforated typhoid ” produced absolutely no change in surface 
or internal temperature during the period of 40 minutes. 

The surface temperature in these cases has been taken by the flat- 
bulbed thermometers, placed two inches to one side of the middle line 
of the abdomen. The thermometers were supplied by Dr _—" 
from a grant from the British Medical Association. 
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The frequency of the heart-beat in the mouse. By 
F. BUCHANAN. 


While it is generally recognised that small mammals have a more 
frequent pulse than large ones, the actual frequency in very small 
mammals seems never to have been determined, probably on account of 
the difficulty in counting it by the ordinary method of palpation. 
My attention was drawn to this fact by being told by Dr Haldane that 
in view of the extremely high respiratory exchange per unit body- 
weight in the mouse, a pulse frequency of over 500 per minute was to 
be expected. It seemed to me of interest to ascertain whether it was 
so, not only from the point of view of the mouse’s internal econowy, but 
also because such a fact might help to throw light upon what it is in 
cardiac muscle which determines the frequency of the rhythm. Asa 
simple way of doing so Waller's method of registering the electro- 
cardiogram suggested itself, and I have by its means determined the 
frequency of the heart-beat in six mice, one of which however was 
evidently not in a good state of health, so that the records obtained 
with it will not be considered here. 

The mouse was suspended by a dry bandage passing round its waist. 
Bandages soaked in a solution of common salt were then tied round 
each of its feet. The ends of these bandages dipped into vessels of salt 
solution, those from the two fore-feet into one, those from the two hind- 
feet into another. In each vessel was a zinc rod, the one connected 
with the acid, the other with the mercury of a quick capillary 
electrometer. The movements of the meniscus weré then photographed 


‘on plates moving at the rate of about 4 cm. a second, the time being 


marked on each plate by the shadow of an electromagnetic signal 
driven by a tuning fork of 100 d.v. per sec. The movements indicating 
negativity of the base of the ventricle, each announcing the beginning 
of a systole, recurred with great regularity. They can be easily 
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counted on the photographs and their frequency, for 2—3 seconds at a 
time} determined. 

With each of the five healthy mice the frequency soon became 
fairly constant and remained so for an hour or more. Just at first it 
was always higher, owing probably to the animal being somewhat excited 
by the unwonted treatment. The average for each mouse, determined 
from records taken after the first ten minutes, is shown in the following 


table :— 

A. Oct. 26 84°8 4 670 

Nov. 9 84-0 12 675 

B. Ang. 11 28°8 3 520 
Cc. Novy. 2 21-4 7 780 . 

D. Nov. 2 ~ 478 5 720 

E. Nov. 6 (Albino) 15-0 10 680 


The frequency during the first few minutes was as much as 810 in 
C and 800 in D. These two mice, in which throughout the highest 
frequencies were observed, were both of them known to be only about 
8 weeks old, and therefore, although adult, were young. If we calculate 
the average for the five mice we find it to be about 670 per minute. 

The respiration frequency was counted in A (the second time), C and 
E. It was 160 per minute in A and 0,140 in £. Its ratio, Peers. 

to pulse rate is of the same order as in man. 

The respiratory exchange in grammes OO, per kilogramme ci. 
weight per hour is 8°4 in the mouse (Pembrey), and therefore about 
7 times as great as in the rabbit and about 14 times as great as in man. 
The frequency of the heart-beat seems to be about 4 times what it is in the 
rabbit, about 10 times what it is in man (or sheep). That the pulse 
frequency is not as much greater as the respiratory exchange is greater, 

mgy be correlated with the fact that the ratio of heart-weight to body- 
weight is greater in the mouse (than in man). This ratio was determined 
in mouse B and found to be as 1 to 127. It was also determined in 
a six weeks old mouse and found to be as 1 to 88, | 

With regard to what determines frequency in heart muscle, it seems 
to me that a comparison, by histological or by chemical methods, of two 
hearts the one of which beats 10 times more quickly than the other 
at the same temperature, ought to give us some definite information in 
the place of much which is at present merely speculative. Such a 
comparison will I hope soon be made. 

The expenses of this research have been defrayed out of the 
Government Grant administered by the Royal Society. 


— 


p 
| 
bh 
| 
«2 
3 
| 
> 
. 


‘SOCIETY, NOV. 21, 1908. 


Action of some alkaloids upon striated muscle. I. Mus- 
carine and atrogine. By A. D. WALLER. 


In previous communications to the Society, the comparative action 
: of some alcohols’ and salts* and anesthetics* upon the sartorius muscle 
has been described. 

The present communication gives an account of experiments made 

: in order to ascertain whether the method is applicable to the study of 
alkaloids. 

: I selected for the purpose alkaloids with whose action upon isolated 
nerve my observations had made me familiar, and I paid particular 
, attention to such of them as have been closely investigated by other 

physiologists. I chose the case of muscarine and its antagonism by 
: atropine as being the most familiar and therefore the most favourable 
| for my present purpose. Moreover the action of muscarine and the 


q question of its antagonism by atropine in the case of ordinary striated 
the, muscle submitted to direct excitation is of interest in connection with 
P the formerly vexed question whether cardiac ganglia or cardiac muscle is 


2 the seat of such antagonism, In so far as the present experiments bear 
upon the case of the heart, they prove that skeletal muscle exhibits the 
: antagonism, and render probable therefore that cardiac muscle is also 
- directly subject to the contrary influences of the two substances. 

: I have so far had three samples of “ muscarine” at my disposal, viz. 
(1) half a gramme of synthetic muscarine hydrochloride (Griibler), (2) a 
| natural muscarine “not warranted pure,” and (3) an alcoholic extract of 
‘ muscarus due to the kindness of Professor Marshall, confessedly impure. 
i Of the three samples the second was inactive, and served only as a 
: term of comparison. The third was moderately active. The first was 
active—t.e. muscular contractility was nearly abolished by 15 minutes’ 
immersion in a 1 per 1000 solution (in 0°6 °/, NaCl in tap-water)—and 
supplied 50 c.c. of a 1 per 100 solution with which the present series of 
experiments were made. 


*+H,P.Kemp. “Demonstration of the physiological effects of the propyl and butyl 
aleohols,” Proc. Physiol. Soc., July 18, 1908. 

* A. D, Waller, “Action of salts upon the contractility of isolated muscle,” 
Proc. Physiol. Soc., July 18, 1908, 

* A. D. Waller. “The comparative effect upon striped 
and chloroform.” Proc. Physiol. Soc., October 17, 1908. 
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The solutions of muscarine and of atropine in which the muscles 
were immersed were taken at strengths between 1 and 0-1 per 100, 
and their effects were studied separately and successively and mixed. 

Muscarine hydrochloride (Griibler) in 1°/, and 0°5 °/, solution gave 
temporary contracture and almost immediate and complete abolition 
of contractility. After replacing the muscarine solution by saline the 
contractility gradually reappears. 

In 0°25 °/, solution of muscarine the decline of contractility is more 
gradual and sometimes incomplete. 

In 0°1°/, solution of muscarine the muscular contraction is at first 
increased, then it gradually declines. 

These statements refer to first trials of fresh muscle not previously 
drugged. 

Atropine sulphate in 1 °/, solution gradually reduces the contraction 
without producing contracture. Under the present conditions of ob- 
servation, the contraction is abolished.in between 10 and 15 minutes. 
Actual times of abolition in three different muscles were 11, 11 and 13 
minutes. In another experiment with a 0°5*/, solution, the abolition of 
contraction was all but quite complete in 25 minutes. In 0'1°/, solution 
atropine produced no marked effect—if anything a slight augmentation. 

Both muscarine and atropine act thus as paralysants of muscular con- 
traction, the former rather more powerfully than the latter, but even 
this difference disappears if we take the drugs on their molecular scale 
(muscarine= 137, atropine= 289). The chief feature of difference between 
the two drugs is that muscarine produces a temporary contracture, not 
unlike that caused by nicotine and by caffeine, whereas atropine does 
not cause contracture. The recovery in saline is less complete after 
atropine than after muscarine. 

The action of atropine after muscarine varies with the strength of 


solution; with strong solution (1°/,) there is no recovery of con- 


traction ; with weak solution (0°1°/,) there is recovery, but in this case 
we cannot be certain that the recovery is other than a recovery in 
ordinary saline. 

The action of muscarine is modified by the previous action of 
atropine, but this can only be witnessed in the case of weak solutions, 
since strong solutions of atropine abolish muscular contraction. The 
contraction of a previously atropinised muscle is augmented by weak 
(0°1 to 0°2°/,) muscarine solution. After a muscle has recovered from 
depression by muscarine, it doesgnot exhibit a second contracture in 
consequence of a second muscarine bath, but the contractions decline at 
least as rapidly as in the first bath. 


~ 
‘ 
, 
| 


SOCIETY, NOV. 21, 190s. Ixxxili 


The antagonism of muscarine by atropine is best observed by com- 
paring the action of muscarine alone with that of muscarine plus atropine 
in solutions of appropriate strength, changing over the two solutions to the 
two muscles, so that we have simultaneous effects compared on both 
muscles and successive effects on the same muscles. My supply of mus- 
carine was unfortunately limited, so that I did not compare on a similar 
plan the effect of atropine alone with that of muscarine alone, nor was I 
able to repeat experiments as often as I should have wished. I have made 
only seven complete comparisons between muscarine alone and muscarine 
plus atropine with the following results. 


Exp.1 Oct.21 0°125 Muse. versus 0-125 Musc.+0°125 Atr. Fairly clear antagonism. 
a Do, do. Doubtful result. 
~ » 28 0-25 Muse. versus 0-25 Muse. + 0°25 Atr. Clear antagonism. 
oa » 28 Do. | Do, Do. 
» 26 Do. Do. Do. 
» 6 Nov. 9 0°125 Musc. versus 0-125 Muse.+0°125 Atr. Antagonism once only. 


For the last two observations all that remained was a small quantity 
of 0°25°/, solution of active muscarine. The antagonism by atropine 
came out clearly in both experiments at the first pair of trials, but 
failed at the second pair of trials. The comparison was between 
muscarine 0°25 + an equal volume of saline and muscarine 0°25 + an 
equal volume of atropine solution 0°25. At this strength the muscarine 
acted a first but not a second time. 

It will be sufficient to give details of Exp, 1 and the records of 
Exp. 5. 


Expr. 1. Oct. 21. 


Time Left Sartorius Right Sartorius 
Oto 35 mins. In muscarine 0°125°/, the contrac- In muscarine 0°125 °/, + atropine 
tion fell from 12 mm. to 5 mm. 0-125 °/, the contraction fell 

, from 11 mm. to 10 mm. 


40 to 90 mins. In muscarine 0°125°/,+ctropine In muscarine 0-125 °/, the con- 
0°125 °/, the contraction rose from traction fell from 10 mm. to 
5 mm. to 10 mm. 5 mm. 


> 
‘ of 
i 
4 
4 
J 
a 
¢ 
? 
> 
a 
< 
4 
“Pr 
a 4 
é 
é 
& 
‘4 
h 
4 
A 
2 


ixxxiv PROCEEDINGS OF THE PHYS. S8OC., NOV. 21, 1908. 


EXP. V. Oot. 26, 1908. 


First record. 


Muscarine, 0°25 °/,. 


Mascarine, 0°25°/, + Atropine, 0°25 °/,. 


4 
i 


ps 
| 
Left sartorius. 
Right sartorius, 
| : Second simultaneous record (same muscles, solutions reversed). 
Left sartorius. 
Musearine, 0°25°/, + Atropine, 0-25°),. 
° 
| 
Right sartorius, | 
Muscarine, 0°25 °/,. 
| 
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